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y^mid^ p«tt &r4ci i t r iiuestCit-ion o.i pa^y hac isccfi reportea irtm 
f@V0r&I .iiHit-j^ f itifi coi4fiirias t:MJ.ia4liiii6 i'iciia. /> detailed CwU^ y 
of lU ecology fi&£s lorig &eefi mm but, l>©fitioe a few U'X&i aofc®© 
i t fo£3@iK^  fail«4 to a t i r s e t bb& attaiition of tim ecologirtr* 
..totb -.atiieE and f@ujai.o8 are of a«ji4llUE3 to eisaii Fise, 
fc:-u„a«r 'ocing aiiij-bti^ larger than tfc® .acO-as, raearorii-jg 2«73 os 
and 2»**f^  ca rsf ,JisctiV9jLy, 'ilime i.B a bvoad os'owri biuM «xt®iidirig 
llraia tti^ i^par aalf of tij® o^ r©!; to tlie &af-« of tiio tegiiiiiai 
vortex oftea uith tyo diverglj^ *3rv^ »^n liriaf- sad roa^^tiaes tl:i« 
ioiddio of t te vt&rtox ©.-^d ..roiiotua fiiiodup witfe a tocswa 'ocridU 
leijairiua ic iofiger ib&a th& hliid ibmora w^dob i r ®SiJE;i<i©d 
v@fitraXl/t l-ilrid. tiM.a© tMi^ad tHe ^ddl4> s^d t:-o j ^ t t t a rsa l 
joints ca.if ioaraoiy ox .'•-.idea* .J.,id tiUioa aro grooa vitfc two 
TQwB of too'*'a tlpi-od %iriee on ttm .'imglnB of Mie eSi^ -ncidd i/entrel 
tya^faco. fii-KJO jjj, velo3t i:ir..ibit,£ tao wGter-ix»gi.ed coiiditloaSf 
ti-Qt® &:^pGn&loM of tfto uind iege t^l^ in ryiLaaing, Siio oewiy 
i-.:.A-rgod tuultf a^ 't! green in colouff* yA,%h UM HorBol pieaented bemd 
m ^^iiitlrt groea yhicb tm-m ^omi after ii»7 d^ye of oiiergoaoe. 
iii© bright pifiiMjatiiiioa di:.ii;iiJ imB witii tli® ad?a.ic©iaaat of age and 
4ac't a daj otr t^ m oulore death tba adoits bm:c:^ @ almoft Ijroim* 
Jm ehB%,© in picis^^sitatioa if BJOTO prooou^^od &aong tbe feaelof 
trjaa the a-;ief >.^:id i t aaj imip i n tpecii4.ii.tii:i^ tb© growth po t t a t i n i 
oi a popuiatloa l a tb© lieid* ils© ioage\*i.ty of th© aaicc i s gr@&t@r 
tha:i iii© iaatluf ^ i a g 39.P0 ^. 1.$7 di^js and 29.90 j . 1.i>^ days 
ref lect ively at 30 ^ t%, 70 ^  5l^  K.ii# wltb Cyiiodoa dactylc^i ii£ food, 
Males SiOd ieaaiee both db aot .*tart ooi-^alatifig isKaediately 
afUjr tile eaergen4se# Q^ velpx adapte the sor t oomma t^v© ©^ 
i^ ottiir-© (riciiag) dorine oopuitstion. i t IB eos^>iet©d i:i 2Jii boars 
a:id ie re^attsd aeverai tlrier tjeiar© or a l t e r eooh ovi|-5af i t i o a . 
11'4j fBMilBB with r^ .i3lef- jgwoaopulo i!i.ay r:oiitiau© to f0©4 csrawl or evea 
5UB3p on difturbaace, %tm i'r© .pent copulctionf ar« not -'leceirary for 
t l ^ ri4cc©rid\© oviporitlori^t lK)iiever, i t hec a lavotsa'abie afJ@ct oa 
ttae Hcuidi ty . 'ih© leraale at «i evorsc® <^pulat0S $ to o timec 
duri.ng th0 wbs^ l© Iif&»tl3io £*»'id Uie overage ppe-ospolation period i t 
I'ouad to b& 3«^ »C J. 0«15 daye at 30 j . 1**G and 70 j ^ 5^ -E.i:i. 
•jibe ie;ita© oi j j voioa; de.,;o?itr i t f ©g^r iji th® aoOeratoiy 
darsp r o i l sfi.d *:K:.i$eff a t t i ec t ion oi ttm ^Ite wltfo tti© l:s©ip of tbe 
isnf;@ri:i«e, palpi arid the oviporitor valves;, il3e i*o2"ser t«o detoet 
th© jaoirtsjK*© l©v©i wiill© Um third tlie c»-%-act.ier r of the Ksil bod. 
A bwttmi t to 2*5 CBi ci@©p if pe@gsT&d far d^o r i t i oa of t te @gg«pod 
a.^ th@ coapieU* ©ot of ovipofition t c i^ s 30 to oO ai^aitor, fbo 
average yre.^viporitlon (:.'iata~-ctioa;, ovipof^ition E^ KJ port-ovlpoMtioii 
periods are 9.0 * 0.39t t7 .0 ^ 1.7© «2u:i4 X^- * 0.©1 deyc r©ep©ctiv©ly 
a t 3 0 ^ 1°C aM ^u*:. 70 j - 5.-. 
Ah© ien&le of jQ# veloa: geaorally deporitr ©gts in t l^ r o i l 
Ij«xt toa^^Ximti tim oggr are t^ro gluod to ttm io l iagt witb ttm 
imlp OJT the ss'jte ifothy eecr*.;t<.ioa i/r.ieh iorrae on @a&«-po<t# Xb© 
©gC,.*poii i s dcxr. Ijrotia i a coioor aad i t uraa.,ly cyii^-idricai toiras'dUl 
l.t£ posterior end wtaid tti© eni^rior @m i e poiat©d» i t si©a»ur©« 
^»h to 3.0 cm ioiig aid 0,*4 to 0,9 em Iri diiaaeter and Ir uruelly 
a»3 ehs'jberedu '^'iM svijrat,© ayEaa^ ar oi* eggfi in e-acfa i;«d ie loiissd 
to t»© 9,00 (rti.^i© 7-1^0 a-'id the av©rafca nw^ber of «g&*podr per 
i'@:;3iil® i£ 1 ,^20 J w,'ti. iii© totsu ;ms^r o* «££» is4d by a fsss&l© 
in i t c eawii-^ ® lll 'e tl;a© averotiQE ^ . i?0 j ^ 3»92 at 30 j t^; aM 
.i,ii» 70 J. 5^« *i^ &&L^ aJE»« pj.ac«d In 2 rovt^ eaeb i r eionsat©d 
a.'id QylXiydxl£ulf r o u g l ^ baniSuia^Miapedf aeafuring 0*392 c^ long 
a-'ici O.llf^ csa la di.,s2ietar. iij© ©gga grodaally ijEicr©af-« in ri;iNi 
as tlie eaibryotiie dsvcsiepatat i.rocs©ds i;ad a©atur©t 0,if% ca x 
0*13^ CO 00 tl'>@ 17th day of i.icuDation* Itm average iacuuation 
p-oriod Xt iou;td to ii© «^0,»0 j - 0»i<-2 days and tbe aver ago p®rc©atag© 
oi Hatching i s f*9,1 j - a»30 at 30 j> 1*\; and U.ii. 70 j . $;•• 
iUI Um iQTVBs ®-.j&vg& froia & pod In ai»«t 10 sdnuter at%^ 
Urn Tirsiiiwrm l£ir\-a i i ^r^>n l a colour ^©aruring 0«H^ c& long* 
/i:ite*i:iae are 0,13 c^ long aad 12«»f eg^&nted* Xl'^ "© aro no traces 
al' tb© %rl:ig«.pad8 un^ %b& geiii taiia a|>t.ear rudia<#ntery, ili© ri©wljr 
Q;»X'^^ asluAtr are fiegati'valy I;©Q t r t ^ i c £irid Ptart lee ding about 
?i boat's ai tor a-jorgeao©, iii© tiopi-es f uader^io fix laoultc toreesb 
%im aiMitimoQ^ .^^ addltioaal ooult mty r a ra ly b© obrervod a^ong 
ti:j© .. eaajiAi ©aly, *tia durE^tioa ol" tfa® * i r r t mootW- &nd third 
i:ifta£'£ if rlij^btiy lo;i|i©r in tis© I'eaalat? thaa tfe® aiu«f b^at I t 
Dm-i^mt liroaiasviat i;i w!i© l a r t -iyiaphal irirtur wter© e^.-atil© t»pj»©r 
h 
tuk&^ ^'*»^ J- ^•^^ ^^'^^ ^ a^ei^^t f^ .f^ O J- 0*17 dajrs fear tb» malt to 
b@e&:^  th@ adult, lb« hop^i'z^ i^top Td^l^ig about Hi howe 'dsfore 
Um moultXng ma tulm &bQ'at %$ m,m.%m to cm% o££ %im oM e^i^tiola, 
tx^yi^T psrcblag oM fufUcieat ?paoe i r requlrod especially for 
t!«^ i l . ial moult, otlvsr^ito, ® itofoniity ©ccurs, pisj'ilcuiaf'ly l a 
tli@ wl.igr, 'ib® total n.>^%.liai duraiioa for aaier and feaalei le 
33,00 J. 0.39 6iT^<l ^ ^i»QO J QmkP dayt recjpectively at 30 j . 1**C and 
70 J-5? R.i^ « 
Ih© hopp«r ie groan i a eoloar i-dltb a broad white barid 
rua^ilfig Iran tli@ bare of the ©jeii to the metai30l»ji» aloftg t l ^ lald-
oorrai li-ie« im dotted pii;^is,-ito4 li:ies run aiiaort pa ra l l e l to 
^mh other aloa§ ths ei^iee of tbe i»i.rji(| tJU.1 '^ i:i6 i a f t mbdomlnal 
reg-aenft, Af th® developseat ^-roceMe Um bop^.orc keep iaci-©aflfig 
In f lae , i^tdte tJc^ ad €Xtei4e a»id aecouer ir^re i,romify3at, wiilie tlie 
dotted pigs».tiled ll:we get dlainlfbed. %l.m wi.«is-.t»ide t t a r t appear-
ing f ro i the tbird iiistax' ^ t the or:^aatEtioa of the %ri£ig£ s t a r t s 
iroa the f if th lartjar. 
i'ood preiaretKje tusta oated UiJO.n &he auaijer of tiaef a 
pli'?at eatea ^:er ICO i-rcssentLtioiic iaoag ydlth ^Rducive reariiig 
on tl:ie eiagle food pisnt x-evscled tbst j . Jf-JJO^ i^ -' a e©ieeti"«Ni 
feeder arid tbe preioreric© of food ctica^es «i£h Wie oevelopsent. 
^he food plEuits aa^ be arra.'ii©d ias.li© desce.nsiiag order of favour*, 
aieaeee for tlje develop:i«jats alxed diet (Cg';ysa s a t i r e . ^,^ci:daooloa 
c:oloanM aad Cyr^doa dagtjlon)i ^yiga aatlyai Cj^ mido^ a da«tiyl^aj 
i r i t icisa a^etim^i ^ Ci^loaua j l-e-.artta'ia coia^rerirai fo tar la 
« l # • • » . • « » 1 1 — <!• HI I W ' » IIIIMII HI I » l 1 l » i I X • • III nil . I m u l l - ' <• i i M l T M f c »ii.r» «» i» i«« l | |H | | | ^ . .,.. „_ -,..•?!• . -p'; •.-^ ^^ .^ ^^  ^^^ 
iil@:rca¥Jrini]t3 wais :mt al^X&d c-t al l* 
AII6 pr%i©re;'a2e of lood i£ i»a£e4 U|>o:i the iactcsriai COI^JJ^ 
ini.ludlftg ib© pbjriGiO. j-'tricwrt, avai labi l i ty of tba plenty and 
l a s t l y t^ j© cifciaical cosapofition. 'i-'h© ®srXy i a r t s r hOiJi>®i'i^  preler 
the if@@d6 wt]»il@ I t grai^aily e'hiits? to tn© eereal crops &s tlia 
^ir©iop'.:i€jat |.iroc®«df« ihui d©*w©ediag ir<^ tb© ai«lds m& 
oEj>©ciauly -iloiig ^be rs i red laarglae, could cbmm tb© population 
of j ^ J£ "^t22 ^ «i»iite a*'i eKt«at» 
Ih© f'^ od piaatr of t,km 2MBB&T i^frei&featial valu© rcdoce tli© 
feeufidity aioat, with th& i^'^rcontrige of bstaliiog wfail© ttm l®ag«¥lty 
i£ is^^roated aaosn^ ^ t b tb© seicee, "aat tb© ioaales riirviire in a 
p'watefl' au.jj^- and lor a io;3C«r pe.'iod oa aa u:T|)r0ferred f©od 
piaat ti.aa the ia.-iie '^, 
lb® laaxirn'op I'eeuiidity with bigti®rt p®rc©ata^« of hatctii,ag 
^a^ obtal:i@d'C«a ttj© aised d ie t , i3®iag S0»7 j - 0#|^ •££«• per 
f©30j.e witb 9b»$0,-.. hatch riitpoctively as. a^aiart the aiiiiaiM of 
13 ©gee i'*i3? fcjcle tritb By.30/.. hatctiiag oa rcaairctuai typ-hoideiia 
which i r the leeet i^x-eferred food* 
tlm effect of taa|.)erati«*® aad buaidity oa tbe vr#ioui* 
cie^f^lopaientai .; tt..ge0 wae ftuaied lay exi-^orlag ©gt^'i Siopj-er© ond 
tii& timiXr to IcP, 15^1 25^» 3CP, 35®, ticf aod J^ S'^ c and i^ O j - 5; t 
70 J 5* » s^ "^  90 _^- 5^ - ; •!»• ii..o ©gifi were cO-fo incubated yitfe 
0*o/'t ^ t 12^ .. aad 25i <^:itact laoiftu © ^ t b voi-iotifs t^s^Ji^'eturec* 
l a teca^©rat'di*e| r|-4art©(Bt i.'icaUetioa 4.^ #i'iod ytws a t tfCPc a©ing 
15«20 J' 1»t2 4aye with f^ > eo:itaet aoir turai w^ 5©r©at th© oiaiaua 
pePCd-^afc^ of Uatchiaig (91.20 j . 1.01/i=) w®i$ obto,l:M?d a t 35®C •sd.tU 
12/, contact sjoif to r s . Jeiow or aix?v© 35^t- the ,.c«2*csoatage of 
hatcedLng was adverc^iiy afi#ct^d. loo low (0,(^^.) and to© blgb {2^$} 
a level of coat®et saoirt'o:;:® l©«i to tiie t o t a l @g£- siortsility i r r^ iu 
pQCti-v© of ttm te;3^*eratai'© l@vel« ar^ iMret 10 dc^ r® ai'ter t!^ 
ovii^ofitio.n »©«•© ii3|>orta^it ¥s>ea rytfiAcieai is^unt of co:*t®ct 
iioirtare yt&M ;i©c©i!-^ iry lor t^^ tl©VQlOi>aejit» ft fhort exporur© to 
5®C acted ae t tiiaiuutr for siei^iioi^i-ient wfaii© oa irscreaMrig 'wlie tia© 
o i ajfporu. ® tlKi fcigid tB:5i.@ratur© lieccsae JUiiliiii* iho egcc l a the 
advaiceci et.aii<i£^  oi dev©io4,-siwrjt were rjot ai'i'ectod to adversely ^ 
aji e:^  or a:'© to t.^ lover teni-^^rature aP ti*a£e ifi ite® ©es-ly Eta^at 
of tb© dove^yyaoai,^ ih© i>roi.o;i|;riti©,i t.i ti'i® iaciibation perioti ©t 
low toa,.©r&i,a.i'@ liNiliJOd y# velox to cate ov©r %U- pook winter 
yit^K>at riekifig tb© Hi© of tts© youog o-i®£-« 
ilias ra te oi i^ Vfcloi>ia©at of tt'j© rj04;;,.©rn war di.; tictly relatod 
to tl3o te;3|;©ratar©, ^^ ti© io.igett ayiaphal dttration %mf 5**»00 + 2 # ^ 
aMo^'«PO J 1#oP dayr at lO f^ ior ai;I©ff and -eaclas r^  fp#0tj:v®ly, 
ae sgala i t tlia eliorte^t a t l f#t beirsg 32,QC j . ©,92 and 3P,C4 j ^ 0 . ^ 
asyc roEpoctivaly, i',o ©ifect of tlie l2Ut:iiaity wae obvlo-4i^  in tiie 
wa '^St f i r r t l y , tm curvival rsage of t«i,.-©raiai'o MQS greatly 
r©d».o®a at ifO j> ,^ i.,li. i2§^C to 3$®C as agai;vt %<fv to i«^C at 
70 J- $,.. or 90 J 5/' ii-^i^ ;• a-^ ct recoacUyt ^^ -'^ ^ tb© greater ai^ ab®!' of 
rjQp,.^ orE ruj'Vlvod ^ liigli M,!:, at any i®v©l of tes^^sratai e, tim 
boppes* '^ couid r»t PUT'ifife at t*-5*C irreeijeeti^© ot tMm ii,iu condition* 
Wm I'ietil coaditioar for tti© deirela-iKaeat of hoppers iier« 3$®c i#tth 
90 J- !Sfj£. .^ #1-1. i'fi© cociditloaf of toa^eratart and i4»li* short of 
opt.l»;Tja affected .-iaie lK i^./#:ers :mr» cd^oreely than the f ^ e l e ho|3|jiSirt, 
ment oi ttm adtUtr. :;otarstiaa of ©oaadf wms i-i direct re ia t ion witfe 
tii© r*ce in tesjijer&tttre, 10**( vac oal'svoureoie ior Um ^n&rmnl r©pro-. 
ductiv© act ivi ty a:ul aif-o at H5**f't ^^*® i©ri£a©c coold oviporit oriiy 
wli©a tlm h»lim \m 9 0 ^ 5, • *.ei«^4ir© hu^xidity did aot afiect Ui& 
i;i©tiii*'aiiori or o"\ripof i t i oa pcriodi ^ c e p t at tbe liigJ^r &n%Tmmt of 
ti.© siarvivai tei3i>erj4us0» 11M J@cu.Miiiy tiraB hii-ij^rt at 25^(: t^tfe 
liit;b lm::;idity. Ittw U.I;. (t^O^- 5^0 re^ticed tli© egg ^^rodiiction while 
at 7G J- §,• or 90 J. 5/ ^Wi'* i t rmiO^lmd ataoft tii© »®a©» lis© aaximtiK 
raiaiKjr of eg.^ e Qm,ui:m& m^w SJK^^O j - 1.6f^  at ^®f vi tb 90^- $ .^ iUH. 
,iitfei:i tl'j® rcuig© of 15°C to 35**€ the r i se lii t«mi-«raware iacrease^ 
tfc® ogii i,x'odiictiori Iwit © iurtl;«r rif--© to h(pf: or '5®c icriaedly 
raducod i t , itie effect of t#ta^.^#rataie on tfee loiigovity yoi a bi t 
diii 'ar«at. i^t IcPc tiKs aduits £'tirfiir«Ki ior a rijort p^riodf being 
I^.CC^* 0»f^ 2 aad 13*90^ C,9**- «i^« s t 90 j-§5- I*,;* lor faaaloe aM 
axles' reei.-ecti'^eiy* i t i;^dicated tiiat f '^raai^f ceii ^•ilib«'ta.i«i tiio 
!sti^ 0E£ ol low teai^erntiir© b©;,;.©? then t l^ aalse ^md EIKO tiii^ high 
bytjidity at fu*vii ® Xow tmiior&tiii^'e w©«? bolpful* Xbe l i i e Byrni wskt 
lo;*,_,6J?t a t 1$°' ior iiotii the reiea Ueiag M-20 j ^ l.iio and ^^I.IO^.. 
1.2f dayr with l"4gb hisnidity, «to5x;;b reduced \itt,b t^ © r i r « l a teap#ra-
toru but a <.tio."iL® in toaporstoi-® fToa 3C3^ ' to ^^i" Oid m% affaet 
i 
tm ioiie©vity, tim low fou~;viaity 0^0 j $} vuh») reducod tbe IXi'e 
Bpmt at «aeb teap«ratur«, othorwie© tl3© ii»ii» l0i?ei of 70 j - 5/- a**Mi 
9 0 ^ 5>v did 00% havt any oifect* itm mexmiM perc@:ita^ of turvlTal 
liar obtfei.'^d i a the ra.iti© of 30**C- to 35*^ € witb iiigh huiiidity, 
ibwevart i t w@f' tatm-%B%ii\g to fioici tl3i4 tt)@ lit'vauJ'al>Xe tom <^-&ratyj"@e 
lor fecundity I ioa^^eirity a:idl {-arviir&l did riot coiricicUi am. al£« 
tliadb t l ^ ©dfv&rfMB) Go"Kii&ioai i'o<^ tG@d %,im og^ oo^iat and .oot i«i:i« 
ovipofit ional i.ifi.a:ie«c. 
lii& resotioar of ai»i. Um nympli&l in&*ta£-e to a gradient of 
lH]L:4idity« teQ|^ar;;iUtro and liglat i^@r@ studied in m. altt^raa'^ive 
tsuyaiciitj ctiam-imtm I t wa« rewu-nid tuat Un boppers of jg^ ireloas 
alwayf* pi*«f«rred tb® ^ t h®ii of t,b& Qbrn^mT and tli© iate; if i ty of 
IXJfitive roactioa nm tm^tkMV i:ic--©&r©d oititer at .Iiigh l igh t 
iafca-isity, high testerataro or botH^ ^h# hopping ac t iv i ty VBM 
more (oaoog tlie early i i r t a r topi-®.; £• ihaa tto© la to imrtars* 'ilm 
@o:fi@ral act ivi ty along yith %lm bo|»j,.»iag im^ infloeooed l^ y tioth high 
ligfct i.-iteririty a:'id bXgb ..^rjperatiir©. i'2iiioidLfi©eir vas iMriaariiy 
lai'xuBrmmi bf Urn huiaidity. ' iric© aa ine2'©ar«id ac t iv i ty va£-
ftttributad to the aai'aVQ'u:*abCl« oo^idiiiont of ligbtf tomper&tat-o os> 
liyyiidityt a miniaiM actiYlty in t^ i@ ^et bcuiy thvur £ug«^@£:&@d a 
favoura:^ier*egr of ti*® bi,^id co.'4dii.ionr \tfbor0 the tei^^^ere ^ero 
l@at't agltauad* im ttm spmit ©«eii\@ m mi^-^^ ^^^ t o t a l tisMi 
Ei^.it in ©«ch haif iras- alwciye aot-e i a t te dr^ y half of tlie ciitiSi-ier 
'oat a tlafifiita da€r«ia£-o in act ivi ty ime oi;»e«;ii'v@d at iov to^'^|.'eratiifil 
(15'^ <"> or low l igat i,at«afity (t»«7 ^^ os* toot j^alaerte), r^ atic© i t 
-'lay tie dodm^ <dd tbat itiaetxvit^^ oould oo a oatt^ir ox'tmrion ^ r il-ie 
fo'eouraiideiieet o:iiy wiiQn the st. efcee lim low t^sp^ravai'o imi 
low IXght ifiterirlty w©r© XECi£ifig» 
;tii© bebaviour of the tjop /^ersi i:j tm il©ld was ra:'Ads^ aad 
Saeforo t>m stcjrt of f@@dlaa. At mlo-dai^ - tho; e waa & d«a."®at aaa 
tfee i@av@s« '-^mn Um tct^eTut.m'@ s tar ted i'sOJ-i^ ig at 1ot.b b©iir, 
&K}ti5@r rpei l of ac t iv i ty wsf obe©rv©d and th© i:ir@eti were lowid 
fe«cilag, Durlr^ g %lm ©ati.a s.urv«y aone of th. bopp^e w«r® iouufi 
resti.'ig oa the expoe©«i r-uriac© of tte i©af» *1ie p?ii@.ral. ©etiif'it;^ 
staong the Ijopi.erc was uiasiaysi i a Uie eori^' morning baurg tmd a t 
dusk, Slwre waB m iCgreiat,log teadecic^ &i;»ng tli© hOi^ perf &ut 
very yottog bop per c tefided to €ia.rw©r t^catu-ar in raa l l groupf aiiB 
to %'m i ; i i t i a i coli@iErion ©^oag tbe liatcliii;igr Ire® tli© eeia© ©gg-po^l. 
:-^ j3r®ovfert da® to tliair pi-ale; ene© for ^leeds auririe %hm mus-X^ 
ftati.@e of the devoiopaeatt the TuXt®d JOuiidciriQC aJ'o\ind the lieXd 
woj?© iru'€jrwed *3ore by the bopycjrs, 
liatciiliig in ib© Held ©incurred i a the slcWwuly t i l l the 
ia t^ r half of tb© Akii'^rt reacfiiag itf. ptalc oa 30tb /iUgai-t, a jr iag 
ti's© raitiy eeeron tfoe ieacy.©© out .m-jbei-^d aaios by ;;j2, Xliroaghout 
tl*© '^©ar eaergerice occujnrod tteicis bcsiii^ .aa^siaiss, out of tiae «gi€ 
l a i d lay tlie i i r s t t«:i©^etion fo..^sl@s, duri:ig yotober tliTough 
jovs'-Oisr* ibe I;iit.i3ect peak Ibr UJ42 ierueltjc naiK oa 3Ctt3 .Aiigurt wfetl® 
toGt of niaies on 30th OGCQtuQT^ Xnc:e was no di£^@«fe s.song 
0.i veloxt iiift'.'ad the tid\Qrm m^^ulhijotw w®r« pacj^d oiX by a 
deercaf© in the rat® of tbe -,i©v©loi*cruaLol i^rocerr^e li^ng the 
to 
'£lm eref^rit rtti4^' l'artti©r rmmal&d thmt &m WMos I'sb. 
I F sioit© mil:'a3ra»jie s!^  i a r as tfcie eir@&#ef of the ©aTli^onaeiit in*© 
eofiicm''.;'»<! aad i^ robalalj?- aac- to ttslE cb«:*sc;tei'iBtic I t r-amaliied as 
® sporadic p©£'t i a iilifejarfc DittriMt^ Ilttar I*rad0f*b« ibc e a ^ ?a®y 
tolii fcra© ior tb® QUMT tropictsl oountrias as tba cHaat© cto®s 
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1 am ddirpljr iacl8bt«d to i]r« (• A« AstSf Edsdori Dtpartment 
of ^oologyt AXlgarh Hu^llia Univereil^y /.Hgsrb Ibr bis galdsa^oe 
&M poXmtBMlai Bv^^ryl^ij^n tm>ouglieut tills rece&reii !#«>rlc 2 i ^ 
g rc i t s l ^ to BToU ':i»va& ilatefi Khi^ lla&d« l^a r^son t of ie»olog7t 
/^ •H«'y%« /aii^arb ior providing %tm me&efm^ iaiaorator? f@Dliitl«£i 
aiid to C,r«i.,li« ioi' U)o avord of JiHiior ^loaearoii i<)9lXoirrhip during 
tb@ i o i t i a l ftages of tld.a i-mrkm 
I m partieularXy grateful to a^ r ^ l e Dr« i-i* mXz for l^ er 
valim^l« and eooooragiag euggettiooe end also to ny I^ioiide yb&m 
h@lp @:iai»Idd mi to eoisssloto tr^ie york* 
ri.ie©r@ ei>i.TQcia&ioa a£id gratitude i e also duo to li** !l« 
.:afi<l riddiq^y Coasio-'weeltb i;i0i.t. of pararitologyt rt» Aibaaf.» 
U«!i#t DT, rhahld i2« jtiea oad at', ftou^auiadiat *>©!.• art':*At of ^oiog^f 
/ i ,a ,u, , Mi^arb for aucfc helpful c r i t i c i t a and VoJAiablo advioe. 
fl^ o t ^ i o g irosi oy @ort di i ' l icult .Banareri^ lm£ b@on dofio 
by ;.ir» Ao&al *ifo©©d l5mn auid I a'a grateiiAl for hie ©xtra cere isi 
doing i t , 
( ^m&l A«. A222: V 
CBAI'S^IE » X 
w^mms 
I'bere tm/^ eX^mst^ l»oea a ttm&ii3« ^tmmk %t» in^aet paata 
a.id tba imma beim^ X^ix b i ^ imlilefisa at <l«ia^ has 8t^ Pa0» 
ted the atteatioa ol oai^aoXo^ete fe^ a 4»%nUmA tsm^Mm 9^sm^ 
the •arlaas aepecte of %ta&ix Hjol^&tm 
fXanti aro vital for the ettrtdTaX af the mmiOJiA^ md 
tharaforay heavy ^Uities inme&ad m the laamar iiauld o^^irim^lj 
wXimt %im faad raaonrees ol* the Imttrntt fha aaviro^^i^ pXmre 
a very i^porte^t role ia d«t@riaiaiiig the popolatiait daatity of 
the inneet paett* sixtagoXoei^te tmm tiaaa ttud; i^iig the effaet 
of eisviroasaaiital faatora oa the (^valopaant, ^<^*odyetioaf 
torvjival eod ah(;iadanca of different tta^et of ti^ea pests, 
H i^hare of the m^arf a^tily Jieri^ »idaa« tmd <!waraoioiiiXjr im 
the greaa vegetation flms^ alens ^ th the phesioe^aal ioeraa^e 
ift the popuiawioii and liaitad food rasoitrcae oaa oasiriot afford 
to tttttaia ruGh h@avr lo«eai« 
I'he eoallar nee ^aae^hopper i ^ ^ yal^ X'i^ » i t ^m of 
the earicmr paete of paddy crop, Ecaachasiara liao i 1$ai) has 
re|i<^ted a crop damage as mich &M 20 per cant hy thii paet* 
Xt i£ viaaly di£triiHit€»d in X!idia« J«Da% Chi^^ ilalayK^a asid 
iTowa, lis India i t i t rap<^ted tr^m Aodlra frade^ht Haliarathtraf 
Hadh>^  pradaehy oriteat Utttsr Bra^ehi F!yu:ijah ma lia^aethaa, 
lafpoy (1909)1 latcaer (1917 ) | Eaa«cria-i*a Hao (1921)| 
mxiT and fwesey (1927) c:ia iivsrov (192*^) imv© r i^«MPted I t e lr)fi»istcw 
t loa oa rugarcaiOf ^ ^ a t aM ^aise. 
ir ivastava (I^J*) bae reported i t s o« ca£4o:iai. iiicidusic© oa 
Cottoa i-aaimty 'larHul i.&av@f, je.;j&oo l&hvet^ .lotha graee« and 
oer ta ia logosilaoue croi^e* 
Aslz aritd iliz¥i (1Sb7) i'^ a^ a rcgort^d tiiie ,-Qtt oa ;iodieinal 
pisatE' • iolexma :il^ua» ^^tura t:tga:so;ilUBi (eoi:iaceaa;, llGlmi^ 
(foifejiacoa©)! I,i.ialeca£ escttiaator (.,Ea,VwC©ae)| Cue^ fcolf rativiar 
(;>iicull)i.to#e0ao;| jjuila aegyptiaca (C'yiourliii.aveai arid ori wt'ode • 
i'.cbyra.atfawe ee^^fa (i>^©rac©e«}5 AriaalUF terr^gt ie (.rygs>;>byJU®s©D®}j 
/.otitiloa JadAcuffli ( •alve^aao )• 
•iiHo prereat attti-:K»r bas louuid fcblf graerfao^.^iar att^ s i^dLrigf 
? orgj-aiia vulgaris rcaileetyioi typboideua fMid j^rii'oliyai olgKc.^ iwar'iaasi 
a£3otig tJi© Itoraga croi-Sf oaiy ^adciy Q0a:ig tbo cereal tsto^t and 
..jchlaooloa coloauat l^.-artforla cga^^reseas >otsri© vartAcallate arkl 
Cyaodaa daetyloa a-^ joag th© wesdSf wrdeb are oo.u;3oaly pruforA HEioag 
tbo £>addy iielcie* 
'ilm weeds cn'© Ibuad to b© iiuottod by early inctar hOi«pors 
aore vliari the la ta iaf tar liop4>erc cmd adoitr, la rt.;cent y^sars 
tha astent of damage hae incroarciid ro uuct^  i h t t i t ba£ bt^ co::)® a 
i..-ort of conrideraiJi© i>^ort£inc©. 
Coaridiir^ ;>jL9 siiottat o£ wofk iion b^mk 4ooo on tlio ^^ae^Loft 
m}& lXi% bietorir of ijoridld insets, e^^r^atioos tmm Deoa 3«ide 
on tlio l>ol3«ir|.oitr of iyeridld p««te in roa^tioa to liglit, t^i^ori^ 
ttiro tmA Isa^^tsr* Bosplto ita jp e^i^  oeonotaie ju^ortafieoy ao 
aAi.a^ lo<l vork t^ a^  liooa uad^rtaisoa m l«r on tt^ M.oa€»aloe afi4 
JLlf« tilstoary of Qac3r| .y»lo» FaW liDiio'vorf siaat ifiroi-^mtioa Is 
«v«ilal>l0 06 tbe a3JLi9di B^mvJJ^e of ^K||k» 
Xbo prosont eiitlicKr hoe modo aa «tt^apt to i&tt4y tiio 
M i^cKiloe add lUi'o bifitor;^ ' of Qaryo T^j^ '^^ *^ ^^^ tp#elft3i 
£'eiorO''io« to tlio i»dbfti;ioiir of l i e l»|»£>#iFe to tiao ecoOogieia. 
i sot^o, Fiold obsorvotioae v^o ea.fo moilo for « p«fiAd of 
two a^ortt ftm Jmmmpf 1973 to Horel} 197$t md vore o^^orod 
with tlio obs^rv&tloae maio ttnaor ttio li^ ior&torir €oiidl.tioiic« 
fbo |>r@foiit 1107^  has t>e«Ei di%idod iato three a«ia part»i 
1> llret piTt doalr idib tiio tii^ aoieiicff oM 14.1« M.etorjr 
of | X 0 filojt itiYu im^k» eonntrnt mol&gUtiX faotors* 
2} £!}Q socond i^irt irs:a.u4oe ttio o^onratioiii oa tlio 
dsve^pmaiit of v^loi^ stadot uiidor dlfforont leimXi 
of oeolagloal I'aetort* 
3) St)o tblrd part iacXudot t ^ oOt^ nrmtlo.sui m. tiit 
^bfivimir of bc^^tr laetftrt to oeologioal foiStore* 
csAmia • zx 
•MiMialwaMMMiiiiiMMIIM 
faoilly i^7l<ildat &M K £ig;il£'ict:iit eiiOi^ ect since mvsXetA tl.iiee* 
Tbe aaaii9@r of £&adiet £i*4»adily l£icr@af ed ayring Uise eecood iMiM 
of tiiie Wealetb ce^Uiry* 
the t»ic»loi>ieal iur.^ >ects of the />43ridid pettt beve li&ea, ciudled 
1^ Huo^el dtijercolels (1^93*19G$)$ iatsoler (19C$)| Ha» (1921) 
iveuiava C193$t 192b); Cooan a.^ f&ioida (19^)t ie^soyr (1927)t nulr 
md t\ms»r (1927); avajpov <19^» 1^3» 19**??t 1%©)f aoidyrev (1929i 
1 ^ ) 1 raikor (1929f 1930)| Lol aad UL (1933)| ColtHag (193»»'t %9^P)i 
ja^^yelX-iieriiag (193*0| ^ i^r© (1935)$ .aasiaebir© (1935)| ^iebJUa^s 
(1935)1 my (193t»f 193??}$ Boommi (193^1 1937i 195^)| Ii«a4itoa 
(193i>f 1950)1 lie bard (1537a)j i^ l ?ohmijey (1937)| ^aaone (193?*t 1939)1 
Kyi (193^)1 cbenier (193^f 1939}| pruthi md Mgm (1939)| mxm^ 
(1939)1 i l i^a® (19'*0)| flioiiieXi (1^ 1 ) | : iimivla (1^1 ) | Burtt &^ d 
uvarov (ISli'^ Ol m s a l a j s l ^ . (19*00 19N»)j r&lt (19*^ 9t 195^)} 
atr»b (19$0» 195^1 19b1)| ^ r i e (1S^0» 195*«, 19t»2, 19bR)| 
natersttm (19$1)| «©^© i1952)| F^ ^Uyer ISS^ St 1955f l ^ i 19^1 ) | 
Albre^t (1953)! iHchard and rieioff (195^.) I ,^gpaimi (1955) MtoiijUm 
aad JMafeeivjoaeB (195«»f 1% )^? flMlov (1952, 195*>)f Saidsis (1957)| 
ftialifa (1957); Cbaj^ aaa and iujiierttsoa (1'^^)f fbaraa (195^}| Choudbufl 
(195^)J i^ fi^ e« ©iid liMcablsi (195**)| iopov (195* , 195** ) | Cbepjiaii (1959f 
19t»1» 1%5f 1972)t iiHUard (1959)f imater^tiOimB md him-d (1959)$ 
fiowor (1959^5 Pieefo^d (1^A»0, 19u>t 1970)$ mox&y (19l»1)$ «»egofy 
(1%1>$ Hartley (19i»1)$ nuL'it@r«worioe and iM^ixirt (1%1)$ fradl^i^ mtA 
f»»bi#aiil (ISbl)i timl&w mAWmt {%%% i%^U ^^ 'NOI eM mM» 
(1SK»2)| S«a|» t^er (1%3)| mM (1%3)| «J«i^  (1%3)t Biiat«vwj<mMi 
(1%^)| I'tttai^ 8fkd HaodCord (1Sbi»){ ar«gdiy C19ll$ft & b)t B^ Niorda 
aa4 %3? (1%5)t tm^ (19&5)| Ja l^NKsii (1%$)i Hl»g«rt (l%7)t 
Croiia «aa Atiml (1%l^ )t fUlppt (19l>8f 1W0)| e^ %^b <mf^){ 
liornrty (1%9)i Earjal ^ 4 r i ^ a (1970)f Fani3«r (197t>{ flci^4»f« 
«IA GUaoU iWS^H ^^^^i^ (19?3)| Meic (197^)t «^l^ >^^  a»4 ^^^ 
(197^)1 Ha4*eA e»4 Asds (197$) a^ 'id Mooale mid A^» (t9?7)« 
itoe i,tmv9m9 la i3o4^  i i t l^t la aeca£>aai»« ulth t ^ status 
matur^tloa ai v»ll ofi Itt miiee<p»i^ £lmstu9Miimi0- tHrougfa^ &t %N 
iur« i)a« b««ii emdldd W IMpi^ t (19^0) m lmmm,m^ forrlc (19S^, 
19S9a) oa gcfalttowea &! fg«gl» and ^ l i a c r l i Bmtm&ifmUU 
aad lilelsara ead ilalaiT <1S$V) aa <^ &eaBittg vin«talitf« 
^ '^ ' mm » i»—«iM>ili III III Mil 111 • nwiKi'^ 
XMI and U (1933) l^ oaM ^tet pra««c^iaa^loa ^miM l&ei@d 
for 15 *a 1^ days la ,221 JS&aSSSf• ^^ «*^ ^ ^^ "w* (1935) obeervaA 
that «^ai>eoiHa4itl^  period la gsya i^ paeias insi'iae fftoa 9 to 3^ 
d«9ris« sitia ^sla g^alloaarwi j^lctag tm a laii®^ pro«^ H»pislat^ ri' 
4^rlod vmT9 m iQsmXe tv eopulatad 4i^ <'t al'tar Its disorseaaa 
(^rathl 9£i& Hlgcttt 1939)* 
(^  lli@ laodt ol* eajpulatloa anaag Mrldlda hm l»9«a r«^artiid la 
dateU W iadexa^ (1^7) la ^n^eyldlij^ y^ f^^ tlfBH d&M^F@ir (1929) 
la ^ u f t ^ algfatorlat ^ 1 (19S^) la Malaaaplaf dlffaras^i^illat 
FTttti^ l aad iilgn (1939) la faaoHacarui glctat i i^l^or (195^} la 
lypregoeayalt yag<«ai isarrie (1^>f liitciter«.Joaa» (1%0) la 
eeblitocaaryf iy»g«rifrt cragory (1%1) la MH.I f .S^ilTf^lg •*>* 
i-iekferd md Gioaott (1972) la ^i»Xaao|to rigi»>j>i4i>»y« a^» «et 
of ec i^iXaticm i t ioHoved after aes** &p l«f s tii «lm^r«fc« 
courtelill^ tNilMivloiiK<, Tim mo9% emmoa mthoA Is tiii^iagt iibor* 
tbd sieuU laemati ov«r tfeto ll»iaeX»» eX«^iiif tm^ fijfialy vitli fiyi^ 
tvo p«lre of a^ igi* Ibci tslf^ ptX» does not ialfio eo^ Mx&Bit pg^% 
^riflg tho vbolo proeoet, fbo tip of i^@ smXe oM i^Ofi le tbta 
bent aovn azii larouglit uMor the l@&alo atKiocaoa to f«fiilitat« 
latroaaet|4m of posiit botweea yie voiitr&l eiri|»otit(»r veXifoe ^ 
ti3o i^i&lo imssnVf I9b^)* 
Katlrttr (19$a| 19^b) dletia#il!^bea two &tt»r tirpoe of 
pofturoe tUKfc^ raX* tt&d tiM i^gjUigt oi^p0oiaii;f in rucii Ibjfite i^ lioro 
rajbio of ttm m^ m^ loaiOe loagib vae lalg^ fopov (1$ !^^ ) 
ol>ft«nroa in gcblgtoo»i^|^ ^oi^arl^ that tbo o<^ul&t|ag f^saloc 
mar coatifBio to foodf ormitl or 4ufl#* ^ 
Aoooraiog to I'ei^fird end Qilidtt (19^^} tht mlaotldOit of 
tkm a&to in Moa^ ta^ gluf ctiigiilal^oB le Infliioficod Igr •ii^^el'Vtsiof'S 
of aaloi dooilit^ of ffismlo ead pro&ietioa of obestlfiel attra^ 
taats by iomaXo* Li laoet of We a^ mbore of the ea^faisdl^ 
^ r i 4 t a ^ and Qodlpodlnfia o^t^^ liodr port® l l i^ aatooiiiaot 
palplf eoroif m^m orgms af)d cbo^ ljeaX ttimoll. aaeng ulti} foEsal« 
eesc aitractants plaar OA imports^ aroXo ia tbo eoi^rtslilp aotivltrt 
1^ 'iero at tbt aeooaetieal maaas of oossaiiileatloa ara ^mA doriag 
ttoa $i»iual eietlirltj (Crl^mat t933| K^ fO, l ^ i f J«eo^ 1953t 
Btrdaokt 19$S| EaaisaU« %9$n% Jaooliioat 1%${ f}xmafi« 1%$| 
UraroiTi 1%6t ioher IM^ C^mridreshakari^  1W0$ ott«a« 19S^ 0$ 
Flckford afid (.iUott, 19?2). 
%tm dui-atioa of ck>|iiil3tioii varioi i'rtm £|.>oci«8 to f|}OGiee« 
i*edort>v (1927) i a Aflacgliiaa aag^tiuB ot^renred tbe paire ino^iOo 
fSor 1^ to i»0 boure* i.opeat«4 coj^ia&tionr befc^e ti3« oiriporitioa 
imvo °do«a ot)r9rvo€l b / reveral %aoricer8| isut ^^»rrif (195U) o b e o n ^ 
tiiat t^figle cc^^&tioA va^ fui'iioi@at to fc^rtiliso a mmsmr of 
•ig»l>od6 in £2 J£^i££if* IMntsrwoiios (1%0) oDeorved iPittances 
of s'Opoatod Gop-yJL&tixmB i a rcMetooerca beforo tbo ovipor i t i^ i 
l^ t tb6 l a s t eopulatioa V&B %im ell^etivtt o.n«« 
im riataro of tho soi l i r an iz^ortant ioetor feo* ovipori* 
t io-^ 'i^ se i'@,,iia.e prel'i^re io la^ ogge in th« t ^ i f t eoi l and in 
€ae€f wmr% «.bc ro i l if oxtrerriely ury^ lat^ -'ialot i tdlod to ovipoe^it 
at a i l ( i lor i l t , 1SI»P; i<^ s*as'd sad £pp, 19i»5)»/| 
iiao (19^1) o&SQrir®d in gyya yoApg ts-.-et t&o ©gtt wero la id 
0.1 the foliai^e ol' aquatic and otfi<»r i^l&ate iintk^r wator«.logged 
oonditj^nr of Um fioil* I-e.;iale ColgKaaaia ipta@ayroiggf oviporitr 
in alaek ro i l (llvarov, ISfiP*). «o^« (1952) reported thnt tba 
j-oacle Qodaleuti genogalQngig ^.rei'are to 1®^ - tb© e^t.e in cisy, 
K^ti^ar (1955) obe^rved in /lularcr^e uunctatue ti^M? a%.orition of 
eg£;« in fendy loeBi# fr©dh@n and t^fbi^mni (1%1) ohmrv&d in 
Kioro^^fatts nigror©pi©ttt£ ,j(»l, Ujat i&h@ ©gie itfor© la id in tD© 
roote of ^^^'ioiif etirubt* i'ioriarty (1';^9) -'e^ .^ c^ t©d a daclin© i n 
tb© ©gg laying e d a c i t y with t.ho advami^euont of ag© in 
rt)ai-ti-ii^^.ag laruanettc 'ibiKib. 
Xba im^e-XG after tbs e©l@etion of f i t s lor ovipofition 
m ^ r a Imrrov ^ t & tb© bel^ ^ of ttie abdoaan in irbich th« ©gi^ B %ioro 
(Sopoeiied* ttm proeor $ of ov%ofiUoa hsm boea ^ioriln^ Dgr 
la gotoiloooruc glotaf« Agrawcta. (195$) la mX^bf9 paoetafeite a»il 
PaygM o^^ Ljipfettg toUlagoina, liafos end ltir«lila (195^) in mrl^ 
po3iJUic|4» 013d Mojo^ rtl {lad AdLt (t975) in GyBtfla^^i tyoat^ yi^ i^ ttp^  
aioberd and yyJLef ( 1 ^ ) i^portod %bo orran^^enfe of ttie ^ g s la 
«a ^i^pfod of Ftfaot}oifaytt« ;^iiootii» aod Myostotiitig ^^^mmm 
Boomraa C19300) la lociigt^ nlggatorl^ ropc^t^d ttm gw&^i^ 
imm&^e ia tfeo etw& of tfao oggft dmrlng itioooureo of de^lopaeafc 
nitb tlid ojeooFtloa of fev tsighly xat^ophiao^ rpoolat liisa :^aaotli|f 
ptilobrii;>o«!iaii in iitiieh the ogge do not incroaeo in eist* (flKaoVi 
1952 )• fbo VBTiAtion in fieo and Biasge of tho ^s^ponda ia rolntod 
to tlio :aoifturoy tha food of tb» pm-m%e and tlia mmm' of m&<^p9^ 
laid preiriiMfljr (:iorri8| 1950) « ^ ^^ n&turo of tbo eoil 
(HUliard, 1959). 
E i l e y j s t ^ <1f*iO) in C^ 'ijamOa gf^ Lliii^ idn, mineissa (1*^90tt H) 
in i^ f i^ogtiiarttg and i<iikl)#l«£on (19^2) in l^ng^a hm% lu^id^ 
doaoribod tlia procoas of botehing* ttm 'mtmU&rm larira e^r^a on 
tho fuerfaeo of tlio ^ i l and em%9 off i t s mitmr eevoring i^Knta'^ o^ 
onUod tiia iniar&ofiin&e ^ u l t (Uvtrovi 19J^ )• How tl)» jnsitng ono 
roaoaislaa tba ta^ duXt in the ge i^eral £»!«• fbo m;^ bor of inetars 
mar ^wry f r ^ fgo^imB to rp«cioa in jy&ridida and mm isong tb# 
indl%i^&le of ttMi earn* £pocioe« B&iieirorf roaa rugfottiefia htsm 
Doon tt«^ Q^ iTvarov (19bo}* uncording to bia tho fmalMii* of int t^e 
i f imroraoly sa^9pwtiaasil to ttie d^roo of mSms^mms^ oaong tlio 
r^ a t^totioa of tim mmtmt &£ lurtsrs* 
Mt«»iiiQ« (1$73) eutaidt tiki 1116 Uli^ory of ^;^tliwBrig 
fcttrM.^ y«2Ji« ftnd f@uji4 ttsat ^I9 stem a|ffi|pl3ca. t«rlo4 of isciXdt mA 
Xm^l&B i^» 59*9 j^ 3*8 aagre and 7f^ «7 j^ 3*2 4«a^ i^^peiiiivem fi-j^o 
wtro ^ fi^ iSj^ haX iostiore iiysi ll)o mem £ifttiir«l.ioa period of Isolated 
feoalof boia£ 101 da t^ add tlii& of r^owdod onoe odiag 73 da;re« 
Elok (197^) etydiod. « ^ tdoa^ igsr of 6%faacy|g ajtA-^jpoiiaii, Hareliaaift 
l<ij09X aod Asie (197^) fia^ l^ad Ui^  JLii'o tiletovy of l-'p-nfefa^ g^ oyi^ ia 
|>|giislfiil<^\|» ^^ jfeOlc, aad r««.^ 7%od 6 ny^hsl Xaftasee %Ath m unporago 
tots ! a9B^ &«I pariod of a^&Us fiod i'^saloe boiaf 37*$^ ^ ^ 0*211 da^ 
and M>,25 ^ 0^ 8S3 «iay« re^oeUiroly. M4j«®d sad J^EIB (1975) 
roportod if- lo 6 i^ is^ tars IA salsfi « ^ o lo 7 i^ *^  ^ af« la ftti^ aStoi; of 
Gagfeyjaorgug typaglftygttg ttxm^» loosilr aid Aisi^  (1977) la 
frlloj^laldi^ mmiX^lf nmathm roportod 5 n^pbAl lastars ^tii total 
£iafaipb«l porled £oiP mslat ecid l^ iaaXot et an «ver«iig« b^Uig 2^*7 j^ 
Q,99l» days « ^ H0»^  J 1*|20 d«ye ir«^«etlYol;r» 
She foodiag oofiotloaf minima t\m mrX^m md ^ dlifiipo^ 
food pXantSi vb^re lAttsr nffoet Um ^ologleal prooo^ i^® ol' ^s3m 
turmr hm% booa c t^u$il^  W ^^nj v.'o?teore III99 \-$itol (1913)| 
aotlaboX (192aA t !>)} Cxiadlo (192^)1 Bubisov (1932ft a h)% crlddl« 
(1933)1 Kooro (193o)s iU^imim' (1937)| l«©ly (193^1 1$t^)| 
tasmtem (1939)t ^<|al^art (19>t^ 1)| Cmtral (19^3)| tm\m of 4^ 
(19*^ 5)$ laAffila^j^ (19^o)l i^ott (19«*7)| o&viof (19»^9)| ^imm 
(19^9«)| m^mifitxiJmw (1950)| ^m.tb (1950)| m^Mfmm m& wtgm 
(1952)1 tmlth etjgl« (1952)1 Boonva (I953>t f^ ctiarf (195^)| iHllas^ 
n 
(19SF )^l Bmms (1$$5){ i^iekTord iWnU mr9li^m <1%0>t rii^h 
(19i1)t nSMrm (1Sb2)| Ha^^O, aad r^r4»o (1%9)| Biijriwirft i^^ 
€ba|ssuBa (1973)| Hanoyt Cliapien 8 ^ iClroa (1973 ) | iftzigwerw 
(1973)1 Fiiadiao (1973)t t a ^ (1973)| cisrls (195«^)| iloiAU md 
IV999 (197^)| LieatM»rt (197^)t Cocweii md E@«d (1975)| Ott« (1975 >| 
HoorotKmt«y Bertoobro^m end Vaa^rvon (197t»)» 
\#fiaX (1913)t Bttbt)*! (19aSa ^ ^)t Urtphart (1^1) md 
in Morth ^intriea veM r«liit#d ^ th« t ^ « of Yd£«tati9Ji md iNa^-^m 
%h^ %b® cmii^t&ilXag factors v^e #atlr«l^ pl3 f^ieaX« M^lsi (19^9) 
th£»w«d that the n^^toe a^d egg® of mimmB^m tmzlcmm Bm 
i4eJ.agio|)lng dlff8r«a'«'ia34g ners -^'(%^  lesf alm:Msi:i^  l a ir«ki^ e^ i:i«M 
siargiar thaa tise vtMdjf o:i»s« iuid^^on aad i r i s H (1^2) i(»ii^ 
that tbe dirtriUttlofi of gjr«itlio;ppar ^^cief la Hoataiw vai fM»t 
at reside ^sit t^peodoi^ t^oa the vogfitatioa* lllsm (1Sb2) f«mrid 
that tii6 mitritlooel eoeapotItl&a of p l ^ t e Ic sciTs laaportont far 
oontx«3JLlag tbe dist^ltiutloa tbm tbo plj^'sicca laetort a^ Uma* 
\CXBTk (197*0 siigijerted tiaat tbs raliWfaT«>r« t ^ njrvlTal 
of il}^ ti^f^tm imm^m,Q2^ aft^r liatchl^ig lagr iMlvmmi^ the 
P'cmth of tlie food pXadts.x 
\ 
S'be prai'&r@»o& of Ibod aM I t^ ai''f@et oa t ^ eoorso of 
do-?@l«pi$@{it t^:- ovldent ae l)a£ b@#n roported )»y eet%-@r©X norkers* 
BulitaoT (1933% b) ropc^'tod t^at «nr6J^ y # Ia^ eo^iiimlty liaii a 
cbaraet^rlttle graesl30i^ ^>or fop^latioa and idl€r»»var£at a ^ t ^ 
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r@latloA l>etve«a tbe tvo I F m clote trial Indlo^ior plaitte cetiXd 
be itoufid ibr grarrtioppore ••£« Cospboceras flbeylmic U IB 
Cri-Mi« (1933) ^ouad umt C@®:iaX& prelorfed ^rc^yrpa rgiitl4« 
FPU pr&teaflg, IJordgina J u ^ t y a a.ad aroaatf l;ieralf« I'au'oer «t al« 
(19^5) obssrvftd thot d»y jafa^cdfa l id :ioi ru^^port Uie lii.« of 
|:lelaneplttf ^tli.ioatiie tost loogt Imt If esECoer of vctter iias 
p rov i^d , gx-aESboppart could l ive on dry food, isely (19^^t l^it^) 
ga%d a detaU&d aoi'ount of fo^di.'ig of iim graSflioppcure in t&xm 
iodic:.ti!ig thai wbo graet feodore etanrod on forbe @ad the fort> 
i'®«dorf= oa grass, i-aisaiu j t j i , (1<Ai») afui Eooa»all (1953) 
obt@rvad tb&t locurte ^^ -reissr euocoleiit food mm pi^®ry on0« 
'.aa^iaaf (195**) t tadisd tlie food preieioftoa of £oisa .arttiefe 
/£ri«3idt a»d found tbat sucoulejeo of food vaf of prltae ii3^orta.ie« 
arid not tb« tooghnaee of Um bXado. Ffadt (19l«^ 9&)t ^ ^ t h (19$Q)| 
and }mt%QB (19^5) ro^^ortad that HolatiogXttF ae>icam>g vat a forb» 
io0diDT« l"louri0ii@d and pi^^ducod oasciimaa ai£al:)©r of «§£{( e»i 
fuDflo%ro7y .Parlay* D&naalicmt Mlc^alfa^ .r&.ntuolqr bls^ graesy 
.-jr^ s^oi Bunriaa thir^tia arid I'laxvead* riaigh (19b1) fouf^l that 
Ctra>togo:ia3Ug tracfeyptaraa i-raferrod i r i io l l iM algyandrimi@t 
iyeoparcjcum aroalantiss. lolanim taOaroium, fols^uis laeloagciia 
aiid (. ttan^f aela atiliggigia ov®r CaAotJPo^t protera a^ j^d Carthaaaig 
jMfKJaathe wt'se-i'© oaiy flobars war© oaten* 
ft 
the gr^itftli #l«g@i of tb@ ^ood |^Xa.^e fti itdJP. at that &t %tm srttP®» 
food jplcuite i«:i^all;r l '^ieroaisdi /itb tlis d«viao|m©jfit of tti« gmti* 
^ i ^ ^ ^ , Moor« (193a) oli^ oirvod that CagtmOai did tmt f^«d i^im 
^ y o p ^ i ^ i ^ t a i l.'i tb@ npti^g or f alX| but ia tim mm% m&^&R. i t 
appearod %Q b9 itm iavo«irit« plmt* Ce^srff (I9$^0 ohmw^d tHat 
sH ::i3^haX iaetaTt of ilfXaaapitii^ aoaioamig pr«f«rx^d ^ygiwi 
tootiarvaa iDcumy ch»tt) w l^Oo adultf faed oa riss^ oinar grascsi^ 
@nd fc^ t>f« lilcra (1%2> statad that c«m'aX| paXXuci^ M,mvi£dm 
n&tmt mitrition&lXy fav^vraiOa aM uaravouralaiXa |»3j»tr ^ t lie did 
not adduce a a ^ i ^ evide^iaa in @tti>port of tM,f oontnation, 
csiddia (t92^) ^und t l ^ yKiOaring j tv i r ^artieuXai^ 
SijdLtaiala i'or rearing MaiaaoylaP jaaiiomui. CaAdareon (1^9) 
o'l»&arirad that i4alaaoyl»f djffaa-aatialif tfm&* dainXapad factor 
with high '^-urviiral rata m& laid ^or^ t ig i i^i^i raarad oa sojralwm 
pjLmt^ tliafl on cottosi, Xljis gr«£r|]Q^p^y irisaii fad on Borsuda 
grafr, did oot davsiop baj^ ond l i r s t i.iPtar« Ffadt (tSif^) fomd 
Blgaiiltmt d4ff@ran4sa ia tba fisa ol' ttit ta.'^raX af&ate a;id in 
tb i i r £i;y£3i)bal ^ya^at;ioa i^sisb wt0 ib^rtoEt on tba a^o^ 't l'a\-ouralil« 
diet* ii:»£ba:ichi^v (19^0) foimd tii&t -mm prl3^t4.ira g^i;$»t of 
Acridida> f^ad csaioX^ on tli@ 'ljo\mp dioot^iadocuit ^^*iM tha }^(?« 
a#.'aacad ^adi>gyodlQiy I'aad oa i^ ^3oc9tyl4Mloae« Bratt (tS''^7)| 
eiaitb wt al# <t9$2) and aax'aot (195$) iJtudiad t l ^ affaet of ^»Q4 
oa tba f onrivdy focu:idity ik^ groi^th of Ha3.aao|^ ittg yflEJ^ iiaftif aod 
ftiread %dtb ttoa liMiagt of Ffadt (19^9a)« Js^ma (19^5) o^eUfWd 
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tifo plast aioti W ol»torv9 tbo oifoe^ «i mys^bwl Atnmlasmmt of 
iloXaaog3>ijU|i ta^ aajjaAiPff and found limt olternatiiig oao fttvour&iao 
ni&ii OHO itafatouralilo Float samt re suit f elaof £ as food MM tlioro 
obtoisiod ^tl i ooo favoorol^ lo plmit oxoluein^ljr, 
m roooot yoare aotaiilo eoatriltutiofit on tho foodini 
iiol»it mm tooA proforeaeo tmiro liooii aado bjr iio»ltel and r4ordi20 
(19h»9){ Blonorf cliopsiaA and ^mtoa (1973)t 3iraoe and Chspam 
C1S73)| &«N!w«^  (t9f3)t Foadioa (1973 }| t^a^ (1973)} Bonltt and 
Hooo (197^}{ imimn ii$7^)% coevon eod Bood (19^) | OUe (19?1^)| 
Hooi^ iottsOf Btfton a*oim osid ^an eorvon (19^) a ^ 10^ sad 
Asia (197$t 1957 )• 
S^ rolo pl«a^d W moutli roeoptors in food eoleotloa vae 
ftudiod ia ee^toooi^ |ya|er||^ ^ t b tho h«3p of Fbagostiwaiiit 
ft£id dotoroot faotor tor Bao^X and nor duo (19^9) arid roioltt 
obtalnod iforo poritiirol^ rigsdllei^t* 
I t y<>g^^ v ^ roi^od iaor@ ooccota^uHy oa grasfoe %bua 
%im otbor t^oe ol pla.itc at a@^  « 3CPc (losroy 1973 >• A itotitliro 
oorroiatiea Ijotvoaa food avallaMIi^ and l^ ood eeXootloA hse tm&& 
iiiggotied 1a^ ^ogiforo (1973)y aad alf^ o that avall^tillit^ ipi>oarod 
m ia^setmt at prerorcneo ia dotoTiSiiidag tiio foodii^, TbuB in a 
noy oontra^etlag tiie tuoeuleiioa hmte for D»od soXiotioa, ai 
roportod lasy" earliar i#ork«rt« 
Hf 
fandlan (1973) etudlad tho food latana and a i ia r^ aspondi* 
tura pattarna of Qxya talo» fab. and a&ahyg i ^ f i t ^^^ l a t t e r S^aeaet 
showed blfbar faadlnf ratOf arrimU^ation and convareloa afHelart^aa 
tha.1 tha iorsiar* Iha envlronmaatal factors Iniluaoc^a tha pattarn 
of foadlnc probably through their a^i«»ct o» tha loc<Kaotor aetiirity 
ta IjQCuata aigrator | | t (illan@7| Chai^ masi and Wil60fl« 1973)* 
moag tha ^mtrBllmi plagua Locurt cbortoicateg ta^nii t i l l ra 
'lalk* Lfl^bart (197^) obearvad that tha faedL'^e cosuaanoad at 
13*$^C a i r toB^eratura and i.ier^acad vi tb tha r i s a i n a i r tasai>ara. 
ture along with tha to t a l radiation* lie a l to ru£^at@d thtit in the 
older adults feadiag m^ hm raduced 2*3 hours bafore tha aumat b^t 
tba ^ u n ^ r adulti may oontinua to fatid avan la tha dark t i l l tha 
a i r tm^QTBtAire doat aot I a n * lisvitt aad Heee (197^0 obearvad a 
ehaf&ga in tha habitat of nioet aorididi dua to contour, lUrrowing, 
rcalpin^ and inter.aaading* This change occurred due to chan^pis 
in the abundance of preferred food planti^* 'jAmf ejipbasirinf tha 
role of vegetation in distribution* Otte (197$) found that the 
theory of defence of pla:ite agal t t t h@rviinorcie wat not fti^£»ortad 
in the acoeyttea etudy taking £<-biBtoc®roa into contid@rai.ion a^^ 
als^ tliat tlia correis^ion bet^itien tlm l e t e l of prtierence and the 
ab i l i t y of plants to ruHO^^t isrotfth yith tts^vliral i s high* 
^4ooreboura, Barton Brown and Va:igerwen ( 1 9 ^ ) tert^d faotora 
affecting tha rate of ingaetlon of l iquids in Chortoicatui 
te ra ia i fera and foand that neither sucrose (having powerful 
atii^tlue) nor water in ta to during the f i r i t half of !saal was 
ai footed* Iqbal and Aaia (1975t 1977) tested tba preference of 
remrm for the sdiil&c ead tbe l&t@r l^iitfire. t . pa rag la l f e r^ 
tbnv«d l)eet oa the t^ix@4 Oiot of ^ satiVft aria C^ 4 a c t y l ^ 
I t hmB b^an polntoa out l a tb& rojportr of the ii«f« ..^ titorioJUK 
gical Co^^e^loa (1^^ /^ tti&t t^3^.oratare IMIasnoee %tm dc»valo|)« 
JO at oi oegfi* 
BodlQO (192Sla; observe tliat ea^orure to Xoti t®!3^#ratyr@ 
for & thott period l^ntorrupiocl tho ciovi!aiOi,@&nt for ro-nso tlnof but 
accoriSlag to OVBUPOV (192^) i t eorvod as a rtlnaiior iibr d«"VQlo|KB«5at» 
lie fouod that hatchlog 16 greatly lailuaacod 'i»y tbe altcroatA 
©KpoiUi^ e to 2ow sAd h%$b te^oratoi^oe, Farisor (1-^9) ob^nred a 
l:ilgh perce 4tag9 of batelilng In ^K>d@rat@ly cUs^ ip t o i l tt>@n l a i;N> 
vot or (Sry eoUU 
Xtie egi^ e In ttm i l r s t i©w dc^ ye of Inoubatlon ai>c-orb 
ru i i i c ion t saount of wat«^ i^ lHcl) Ir ro^iulred for the devoloptaent 
of o a b r ^ and thai blgh or lov raJL&tl^o liy.^41ty at^..ar«rita^ Siar 
Ion @ffoet on tl3«t clivoJ^ipsseat* lurtiiery tiio li^oabatlon period 
cmi ao proio.iji^ &y shoe king tlie ©lar^oTiitioa ol" i«ater. i t ^as 
o!»serv(id b^ - Siiisala «t j l . (1^^1)» f'bMlov and FOrior ( 1 % 1 , 19^3) 
^ ^-O^-'l^tooerea g^.e^aglft W'-.-^ .TO ilie ogge aftor Isicrobailors for 
ttiroe d a ^ l a ^9t ra:id w^-d tr&o^'forrod In air ofid aftor 9Q clgye 
\mTm ratUT'^ed to tba ^©t saiid* lov 4,>0£H3@fitaia of oggt ijat<.:liad 
pro'Vlsig tbo pot ri^illlty of ea axt^jasion in Uaa mcuimtloa iporiod 
<luo to doil€l&4io^ of nator* « imroh ai^ d Talt ( 1 ^ 2 ) ^^orved Vm 
norniaX dav@loi^ i@iit of H»latiop3.ttf tirilidLtt^ toiS at 12Pc, rbuloY {%9$^) 
found that tJam agge of Aiacrldliaa em^tlm^ wMoh .tortsiOJijr l)ateb l a 
about 30 &ayw may hatch sii'ter tuo laontbr tiio to tba watay (^fieiaiiogr* 
fhuloir (195ob) Qbe@rvod that oiie 41^ old agge of .^ ci4.gto-e»ra|i 
gfagsria wi'ion ©zpof©d to air \tltb t*o • f^Q^ K.^]. di©d ^tbjUi o 
Graval end At^ aO. (t9^f»} aiter lacubatlng t^ ia agg® of 
C tMTotogotmr tracteypterua at dlffareat iavelr of t@ra^ a^t4K'@o a^ id 
r©lativa hujilclitlee lound thst ttia inrutiailon parlod v e Imr^caly 
^XQportlonal to tlio tei^afatura wbara as isoirtm-a batiMoa hfo myA 
1^ did not bava any rig»iiicant alfeet . 
^huiov BM ?9ii&r (t9b3) observed tbat ttia agge placed in 
contaet ulth vatar for a law dayt asid latar removad« vera abla to 
coatiriua ttie davalo^isient* liovavary tbe devoaopaeat vas raterdod 
l a th@ agee pXacad ia al»£olui@ dry vo.'iditio:ir« Ibay obearved that 
OKcaes aiaouiit oi^  watar aay stlco caua^ agg mortality @rp@ci«a.Iy 
m:mfm ^ ^ ^peoiofi laying egge in dry coi l ©g* aacJoetfBgag ^ d 
taatiiic. liuat#r»Jo.i®E (t9a*0 fouM that aggs of rchigtoeerea 
• III I l l — ^ ^ ^ II I i n i M W H — — m i i i o 
ge"€^ ®gia i>iiled to batch ia watar loggad coadition <^ oo t#at@r/ 
100 gias of reAd) &nd aO^ o^rt dry condition (&«6 cc watar/tOO goi? 
oi raf^)| %fat€«r coat.&nt@ beivistjn tfm two aaetra^ i^iae oa-oa no dii^f^ 
ranca, i-iar^ai a:id i'X'kis& (1^70) stated that ttie m i l -^tts Vfiry low 
<^ toXgb laval of aoirtux'6 bad eiciilsr alfoet in prolonging llae 
inaubation i^ e^riod* 
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Oi^lmaaa ( 1 ^ 3 ) i^r@roatcid a theor^r oi IHotepe a s ^ c i a t i c a 
bofod on a cob l e s of laetore eacb ol wtuds acts at dlfferaot 
piiw^et In oniK>6@£^ * i'^ ^ ^hLoi factors ea*B %&3:pmiktuxm and 
bioiaitjr of the ovipofiUoa r i t a ami tto© orit@ridit ior liiot<^^ 
a^ri>ciatlon Ir ttsa dilifar&iit eum of t^^peraiarae ra^pirod lor 
rueeacBlUl eai»r;^alc da^eloi^s^nt. 
Xqbal afid Asia (1973) i ^ i j yaraeiaUaama lali&er. a ^ i^kma 
aaa A»la <1973) ^^ -'^  J t ^^^^^^ oarerved the davelopiaeat of agta in 
ralatiOA with tba tata^i^atare aad bissldity and i^ood ilbat ttia 
dav@lopc}0at i r d i r aa t l j aii'aatad ay t;aa^ratara« 
i'lotan l^a c;ontriliutlon& Iba^ a bean nai.'^ a oa hoi^ar ^¥oXopii#nt 
in r«.'lal;ioa to ^li if^aot 'X&VBIB of tamper atm-«i> and burnldttjr oo^iai* 
tlonf (Fark^y 1930| £^oaa, 193i»| fiuraia ^ ja|«, 19t»dt e&niUtorit 
193i>t 19$0| iiuarnatti 19$2$ /witordoa axid lMfit@r*yonaS| 19$^« 19b^{ 
pradbaii and i'arbvaiiit 19o1t (^ I'Qval and Atwcl^ 19b^{ Fanbar« 1971 )• 
in A'aariaaa £.p# .^ic-s of grarf.bopper, l»arii@r (1930) r©parted tbat ttm 
taai>ara&ar«» aad buoidi,t;r acea^arata Um rata of 4ev^Xo$mBat a-id 
ebarta."^ tbe boit^ ^ar pariod« Hawaii ton (1936t 19^0) ditcur^id tba 
af fact bf Oiifaraat Xavelf of tarr>paratara md t»ai^dltjr on bo^paraS. 
pariod E'iAd ffHind a daeraa^^a in tha i^ariod t«Ltb tba ^U» In t^apara* 
ttira* ttm optimya uondltlartf' for the rata o'- davalo|:^^@at and tt^ 
survival do not colfi£:lda» a«" la IJO-ar&e jij a ig i^ toi^di te , mp|.^^e 
devalopad ia^'i^er at 1^2,;Pc wblla tba blgiia^t riArvivoi rata %im a t 
3U,?4.®C. but tba r@ri^actlve oi^tisiiia ta:s£4iratarat for reiilrtooaroa 
gregarl^, re:;»alflii^ 3^ »3®C ami 32,aPc. Accordifig to lie^^illtoB (19S»©)f 
W-
£elilfetocegc» f ^ ' ^ y ^ I s ^ p ^ t ««3i|^t« tb&ijt ^vt^Xas^cxit a t 
^mm^0»m ^ ^ ^ ^ e e^e^nrsd ibat t ln i r ^ ^ o ^ a«ir^ i^^^^t i s 
t'lcni»A aona at IQW iKiiaiiii^r %bt^ at bigl^or-i i^iie^ i « eoatrar^r to 
Ut« r i i i a i ^ i o f l imaii i j t j ^ (I1l^») a:id climiiKiii ( l ^ t l b ) i s 
i n rs l i i t i oa to ^ f l ^ o n t to«%^«^atyrof gy»d s'tiajktiiFd tai^si^l^^e* 
fiii ^§m^9A & l i ^ t ^ r ^ « &i ^m^mX^^m wii* i^&rt^&t9& at l o y 
tpiti4U^@t44f« asid a<^ iKfcai^tjr* riaialtetfi@<^it.i3r^ tl i« )^2^€^im o f 
l a r va l ^ r i o 4 iaer@aea4« fl ia rc^ia ol' @»rtal i ty «e£ ^Iso hig& 
i ^ loir tass£#r'at.mra m& hm £*@latlYe l^;iisi4litr* Cra^a « ^ i.tif£il 
(t%f») i a ^byotoi^fmit tracliyptama imm t imt &opi^r autretioa at 
2§®i 3Cf I 35®C and **0v E.ii, ^ i£ 5<^7f ^ ^ 1 «id 3^1* ^isyt raepao* 
UV!@ljr| Imt i ^ raa^a iei ralati '^a laK^.!it9^ to fQi^ m^mm tAm 
impp&t&l duTi^iofi i«a« W*S t^ ^ ^ 2 ai^ d 33^ «f* ^^g^ at ratp-a^tita 
tai^aratarae* f:t» li»^©^ ^srv ival pa?<^^taga imt ol»tar9ad at 
h(^.' E,ii« A^toaioss asiil lM:it@iWv0^e (t9S»o) ^OD^S t l s ^ tlia lao i^^ c^ 
ilyn^atlon at ^ ^ i n i.^;:agoaa^i» e^Atfeta wat 5^*0 da^"t i&t aalee 
aad i>a#f 4©!^ i ^ feaalaa. 3ii j ^ f l o r i s t -crmti^af at a^ 
aiijfation af ti&L% bQp,/^B if»i 37*0 i a ^ mi4. h2^^ 4 ^ ^ i a l%a&ler 
^^^^^ ^ i i i f lgyaaf aari^Jooalia $2^Q aod # ^ $ 4s^« jr<»> salae ami 
le;::ial#t ra^eo t i i ^ i l y i#©r© raoordoa at iba »ae»e t^pe»att tr» 
(Aiitonio;! aM iMater^vonaai 1%^)# lis l i i a yo f l ; ^3^ | 4 ^ £ ^ y l e t m g 
ml* i t vaf rspj r tad ^ Pr®i!^ni a ^ f©risi^»ai ( t%1) tfeat hq^peiP 
4a(«eloi©iiii^ i ^ f ao^ la iad i a 71*0 iai^f at %®C irl i i la ®t 3a«5% 
If 
i t took « a y 35*1 aejre, i)rreXo{isi^at t l d not oospiete et a#D 
eod WCPc* f ia i lar results vere ost^nsil by Fariiier i%W^) i& 
l^e«aocerttf fictus viiore at a^^Cf 3i fe , 3 $ ^ laid hifc tite r&t« 
of deiRBlop^fit w&s eeeeisrated ^ t l i t ^ rise in tei2^»erfti;ttre ig^BL 
3^C te 3$^ C« fbe t^iper«£.ure be^iid 3^€ ima )iUfilavc»iral3gLe «si4 
00 lioppsap oooXd o^ii^Ieie tiie develop^tit at ^cPc# 
^le fii^^i^ of helper inatcire in sorididfi tariee fron 
species to speciee* Ciiesier ( t9i^) reportsd tbet aeiee sad 
ie^ales pass ttiroitgh fl-m ifirtsrs in QedaifiMi oiggefeisoiatiig* 
"^^  Js fabagfe»^ ^ ^ au^i^^ of i.iftars f i r ies fron 7 to 10 
(aor^Of 1S$2)« iiresiiifisir ( 1 ^ ) in Q, ^M^rae reported fiire 
i.istars in tootti s^es* flie rsMb^ of bop^ r^ iristars id 
Js t>ofe^ fe»Q»ig vac o 1^ ^^ 3^ie and 7 i»^ tmm2j& {ItaidimHf %9^Q)» 
Ant«fiiott aad HHaterwi^iae (1$^ ) i a J ^ €a|^ita||t reported # ias t^e 
in fifties and 7 i^ ie^iales* iaidila <19$7) reported i^sc iartara ifi 
both the sexes of Ug J^ora^« in j ^ ro^mft fi^a inftars in maies 
aad fix i a feia^lea (K&tijari i%%) s^d i^toniim and Btifitefw^osiee 
(19^^) reported ia h.tfm ora&tiPfg ttsat laale s ^ I'eaale ^ t h pa»e 
tisroush f-ix ifirtars. whiie ia J« P« aoridioaalii n&lib has rix 
ins tars and iemaaa hm eeveii* 
Bodge (19-3) s'aport@d that aa od^tiosiai iostar ia aeri^ds 
i f ^10 to difl^reat fise of male sad e^^ uOe ira&siaQp^^ers* m 
furti^^r reported that timv i s ao correXatioa of aa eortra i^^tar 
nith food or sex as i a HeiaaopJAii* la |^m»tf i m^- (196«») areusaed 
that the additioasi iattar i s ea i a b e r i t ^ eh^aeteri aad 
m 
Asls (19?^) raportdd ^ix ifistart in ^«li asl^t and faaa^e of 
gpatfaottafmai ^tyailail'aruBU Ma4o«^ mid Aids (197$) s^portad 
If to 6 Inf t ^ a il l ffialte and 6 to 7 l^ f^ tara i a faaalaa of 
6agtgi|fflarc*g traa^i^ystti f l m l i . la ffiaoptil4iUii paaaiela iioetii^ 
a ^ Asia (t977) ^eportad mta intfcara ia ^ t l i tiia tasaa* 
^MMBJ^IS ^^ «^ ^^ ^^^ ^^^^ rapar%@d tagr i i o (t921) 
tiiat both a^iaa pars tliroagli 6 fl^^^lial iattara ^ i t fo»o ti^afi 
ao aAAitji^iiaX a^ialt mar ^ oi>terirad in l^aaXat oti]^# 
fl)a loai^vlt^ of %im ailalt ia aJtlaatoi laor ta@i«>aratyra* 
F@r^ ®r (1980) olteanpad tbat CaMiOf p^Ximi^ aarvivad lor fleOjr 
1$«i days at 37®C and la id K2 m$ Fodi p«r i^iala ^Jirlng ^lila 
pariodf vtiara aa ttia U f a i:#aii i^r^a^ad to ais^tt doviblo 
(3&«li day*) at 2f*c Imt o^ O^ 1,0 agg ^od j^ ar faaaAa vf^ laid* 
m cyotof^»ig tracfegptoruf# Or^^^a mA Atval (1%!^} ^oiaiid th&t 
iiimXm iXf&A loagar at ^ % as oi^ s^arad id.%h 3#c asid 3^Ct 1 ^ 
tha siaii^isi asi Xariag itm rmm^n^ at 3c/^* 'iitti E«ll« had l i t U o 
of ^ o t oa the raproduetiva |>oid»tial» rair@ral etudiaa m% tha 
aaa^ooal l i i a hittor^r of era#£hatP@i^ e h««« iMi«o denot aotahOo 
mmng tha» ara Eao (19^1)| a^ varoT (19211 ) | i:nttl}l md iisais (1939)1 
£botwall (1^«1)i Elcl^rd aM i^iOlof ( 1 $ ^ ) | i^grawal (1$^5)| 
DsstirMT (19^f« 1 ^ ) t Hao-Carthy (195o)| E^ i rd (1%0)f plelEfoM 
(1%0t 1fb^)$ Biagi^t a.id Fioicford (1%3) mud mm m4 Asia (19S^3)« 
fhe Glimatio eoaditioar p la j aa ^or ta ia t zttla ia oirarall Huo^i^.. 
t ioa of sraielmppar j^polatioii* I t i t a l ^ oo^falatod ndth tha 
ai 
wsilabia^lor of lbo4» iisKvcmralOo ooo^ LGgie&l coa^U^at Im^'mim 
^GlQgifieil aetivitio«« fbd ast&llod l£if«r^fttioii on tlie emmmhtl 
use bXBtoat^ o£ mm valcac fab* i s aot ovailatal* •X<NI|}% & con^ Ott 
of tariol ooftm 
Various ^or^re b^o etuiiiod in cUtsil. tbo iMilsaitiQyral 
pAttorne of ^tmT&si^ iaroete in relatioii %o trnprnrntwem^ ligls% 
•n& tottoiaity, ioStakjQiAir (1^31) fouiii tliat ttis ist^i4itjr in ttio 
i^ paratuff ^d aoi affoet tiie £»2^ forr#A te&iim^  allure of Urn t«o 
EF«<^ i«e of beetioe. it^yiospy (193^ *) loaad ttat t^ Bpi^w 
^giolX» 3uaofeat» prdioj^ red tiae vat e:>d ai 5 ^ i^t tNi driar eM 
a^  2(fCf which i t tte rev^rtal of %tm lamX^ty rae&ti^* 
tlieiioxrofi (193^0 i^ iucili« fouoA aa incraaia la tlsa aoUvl^y 
vitb a riaa ia tai^at atyra Imt did aot o^i^rta thair b@l3«vio«Qp 
ag&inil tim GmM^mUxmB of t«mii;>3ratura asid l^ imiditjr* :#y (191^) 
fcmad tliat tliJ^at louxil) a*^  fiffeb i.iftar iiofpare of i i i ^ e ^ 
Higraitoary iocuet uara m»ia aetiva in i^ry air than ia moitt «iip«l 
2ha buaiOity raaoUon of ilia em^timh i f TarialJila aad not 
eo isitensa* Jn %tm i ^ a t i e ^ aA>parAitte i^-uslft ebovi a laoro 
intoAsa and coosi^te^t r@e&ti»a in tba tasaa diraatioa (.%ai^ d3rf 
1937) aM nood licat a irary inwaasa m^ contit ieal o ^ ia tim 
opporita dli^oUe^ (aa{i% 1937)* tim tiaa ip@!^  ia aetivitsr ic 
aliaetad 1^ lov a.id high imUMty la lamf%§ C Mmo^^ 1937) ^ t 
ttoig vat aot ao ia C€bi,6tooeref ulsara tha c^r^ioii of tim mtPftW 
wae i-lg:iUlcmi%ly axiaetad W i i ih t in tfea Bjrst lartar and ^ 
liglst aicid taii^ratixra ixi tlia iourtti iostasp {hsX&t %9$7)^ 
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mmm4y (1939) ea^ to Um conclusioa irm tim Ci«34 eJommr^timm 
la dim Xlgtil, A mmber of eatliox^ ii {O^m^i&imer at^ otbtfrt, l ^ f >» 
(^ittts) and 0«i»ft|i ^»aitteld|ii crettM}| Byusfftln <193^) oa i^»<mg|.|# 
fchlgtooeypt aad iJoaad<cBri| arid Kiiiiii«»4jr (1939) oa P^^4>eioc#rc» 
fomm s»o»ltlv» tban3iol£i!)dflt, 
Qmm md CoewKy (19B^) etudlea &ii« pr«l'6r@no« oJT tim 
tmsp^a^vir^ a.id hii£ildlt]r la jgj^t* orl#at«llc A£id loimd t ^ t It 
pr9i»xTdd ^imr eoa^tloat« Imt oa dtsloeiitloa «xhil%lt^ a 
ti^n^.iey lo l3«a€»i« ^gro*|»orltlir»« f^ :me41;r (1S@9) l^ i-i»4 th«ft 
Mirtjr <19MI) efeti£il«4 t^ }« ^bavloar of ^^p 4ysaogfel0ft lo t^ ai^ erft^  
turo @ad Im^dlljr ami icmnd mmimm AoUvlt^ at jalgii t^««r«itir« 
vltb low tiiaial41&/ aod rai^tAiMn aotlvlt^ sA bi$^ tooti.tr&tiai'o ^tti 
blf^ hasd^tjT* Jarntftt (19^1) ears'ioil out a tletallod etuor ^^ 
%\to y&m's oa ttie liebaviotar of rod l.ocuft ia toUtofgr p^aso anS 
corrolalo4 Uio mciv#iieat with tim Skmi^mm of t«i|»orii'Siro 
!3l^ i}or tiiaa *fO^ C» 
atereln (1937) ofid SUlc (1951) i^ 'muid that lir«t Ixirtar 
^^^elfs of £:Otilf?tocoyoa htt-g^ laoro lyia aai'cb loi$ timn tb» fotartli 
aad ^ / (19^) la ^af l t f I'oaad tismi l l ibt eu^o^od tlio boppli^« 
Chapiaa (195^) o^iorvod that tiae laoir^^at o! UK;u£i|i bd^tymM %tm 
reatrletod boloir 2I^C| li«Kt i t ir«f aot lol^t^tod ^js^lotoljr* 
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oa ttmm ^ouMe i t tmrnm mOXU^ly tiiat law mtlytty ee^«<l W 
Xov t«mi^ «raiarft osald pr«T6iil pbofeoliiii«tie dffvets* lit sXt# tftmA 
thet ^Lpcueta lic^perc wir« m&em aetlir« ia llgN» tNm in <lavt» 
iiLllir and liotii (195^) o^^SfmA %hm% t^ p^mt^wm^ oJT wt raglfis 
^ * mm II iiir i im—«—IIBI I I <MMMaM«MiMIMBaliiMi 
raaetioa after tlia iitracte y«ra g iv^ vater to ttrifOi* 
irae^i^al (1^29) and t^ufiod^ Ct939) touud a d<ieraae« iit 
poaitive p^totastic ariaot in Sefajatocam^ tuomm 3$^ € ^ t liMitar 
aathor SmsiA i i t t la TmBp^i%f%^ mna»&^ (1939) parlonsad mmm 
field asi^r jjisata t^ ^hov tbat at tUgfe ligtit iata^iait^iea pbole* 
taxis lN»eoiikaf nagativa* lie al^o f^md an ifieraata ia tb« 
g 7 
activity oa foddan ooolisig, miaaaiii (193^) earilad out axpavi* 
m&ate to invattigata ttia novtuieiit of rgfajsto^ejcii hop.•are loid 
oba^rvad a daHoita daaeaat aa tai^aratara of tlut soil leapt ritiag 
sKio'a rapidl;r thaa tba aiTf a»d &o|»i^ a^re ra i^^ iiied on tha toi i at 
long as tba tassiiaratura ra^ a^i^ iad 0|itiawi« Cb^mt^ (1995) ^»t«d 
tliftt imi3idit|r plajw a siajor rolo in tlia daily e^rra of a^lsg^ imaf* 
Mis C19$7) foiiAd tii^t hop^ .a« c ol' Jg ^Jraiagj^ @hov a taii^eaaj to 
ftay loiter in tba liighor bu^dity proi^ 'ided tbat i t %m» om% 
^y^oA a0^7# H,B« ibe flret iaataT hoppara boppad aM turnad 
larr at abottt fOf E*H* at 3{^ C virile tba fotartb iaatar bei^ '^Ora 
bc^ i^ ad mA tarnad 2MBr> s^  alieut ^^ E.i, Mis (t9ii1) &maA m 
tmr^mm in tba psreaataga of Um ip«iit 'aaii-^ a^ i^ sipoad of 
walMiagi boppiog a:id tiirxiiiis aetivitiee of tba starvad f irst 
ifistar tm>-i^^9 of Jl^  ir^ayj|lf »pto 7#^ and ^0^ B«H«| l^t baj^ K^id 
4$i-
timem lev«l t tr^fo ae t iv i t ids dacrtt{yio4« tim tJae e^ient tigr 
starved b^pere m (>oth haXvet vac not wail ::^ arls»d iA the E»il* 
ra^ige $0 • o(^ Q-'^  wO • 70^ ^ wtiich {sn/ h* reetXoeeaase dtia to 
rti^irod orKlition* 
^ llucb »orl£ has tmon (k>ne on tbe beba\iaur of iare«lf; la 
re la t ion witb tbe aigbt* iTmaSmX (1929f 1930)| t^iariindilsar (1933 )t 
IBasfein (t937}| iiin>ie4r (1939) and VoXlioftiii;/ (1939) ^^ cn^ e r tu i ied 
%im o l teot of i igbt on tb& mttvtty of J^ MS£^^ ^ ^ obtained 
l^oriiive phototsetio snd pbutOMi:ietle reeponree, i^ dooy (1937) 
arid Cloudsley.xho^ron (1993) £^ i3g4^ ert@d i^at, ^ha^ioor of tba 
locuft can '-09 dliriaad into aetivo mA inaetive pr^aiet* i^ilit ( 1 ^ 1 ) 
found ttiet tl3a act iv i ty maasiared aa tlie xuMiKir of hope y^&r unit 
tima vas always l o ^ r i n tba iourtb inet i^ bopper of ^ J^;^g£|f 
tha.1 In tba f i re t inetar* :iioli@r8oa (1Sb3) found that lo<iOK»tor 
aotivit^r of i^ H t^tt^ tc i;ortditio{ii»d to l igb t or dark varied i^antita*^ 
t iva l^ b%it in ^ t h period of l ist ivity vaa iolXowad by ttm re cting 
phuB9m ^lagatosiit oieM and Xanana ( 19KI7 ) c^tervad in Qg^^ 
jroisoaangie t;>&t tba pra«^viporition pariod at'id longevity %raa 
langtbarMid undar tba <^nti£Haour l igi i t i iMXt tha niMSbai' of days 
'batva^n ovlpoi'ltioni yas al'aaft tiia ^aoa undar Ootb eoatinuour and 
discoritiniyiour l igbt co:i4it4ont« ttm agjgregation behaviour eoong 
tt@ bo^pert of Cbrotsaeric coloratu vaf obrarvod &y iiatbiau (1970)* 
4loo€k (is$72) obfarvod in laaniopoda a^ mefi (::3arsieitt@r) a planned 
saova^aat fioia tba roo«ti.ig r i t e to plsint £lialt£!r ' ^ th l^« r iee in 
aiao«AJft<iric ttiai^er&tuia, ult:bal (1973) ioand fchat «be l igb t and 
drrk alloct d tba in i t i a t ion and ooetation of f l igbt i n u gragsria 
im^k) ro«re4 ia l«oX&i.«<l or ooopoel srota£>0« CHeJ^al aa4 Cla^ 
of Qgya aeU^»Xf C^^B^) i^ Punaali* Barirlas a l^ w* o e o l o i i t ^ 
Isoiro not paid mcb ttlteiitioa toir»r4e j a ^ jB^ Oigac mi»«/ 
cm»tm m Ul 
MiMlUh ^.jg. 
ttoak araodlnii 
jxi order to ;!i«i.itala tbe £ t^ook aduXt ^lalee and i«mal«e of 
(jKya najLoai Fall* aloog ifitb tNi rx^ is^ baX lo t ta re wero coiXaetod in 
larga nwabare froei Xrlfoaiya aXe«aadriatt;a f ialds In tbe aoatbt ei 
JUDtf Joly aM Augasti 19?^ tr<^ aod arouad Cbal^rat v i l laga 
(iJlett* /Jligarh, 0«««)« Itmem I n t ^ t t vara Is^i In tim voodaa 
oafeSf a»eb aiaaeariag 53 x *^ 0 s 30 emt (Flata 1| llf« 1). Xliraa 
aiciee of tba eagaa t#ira aada of vood wbila tba l ^ n t eide vaf 
Swttkmr divided into tuo peurtef tb« ui^^or and the low@r* ttm 
t^per pcsrt vaa I'isad and oada of g la£i , aaaetiring 31 x 31 o®f 
wblla the iovor ^.art, saaar^log 31 x 12 0^^ forsied a noodaa vlndav 
i'or el^cdriog* Xt^  tiaraa lioodan ridee contsinad tbo vdndoirs f i t tad 
with vire gauaa* At ainoat hO ea irom tha top of tba cage, a falsa 
floor of wira gcMwt vaa provided ^ t b eix holet aaeb aaai^uring 
3,5 <^ 1^ diazaa&tsr* iim isetallie tobats* aat^b zaaaruring 11 a t i n 
lang&b aod 3*00 ca in dia:^at@r ^wra iilXad witb ao i r t t ter i l i isad 
Bmh& (l»»00 £31 d i s t i l l ed i m t ^ SQT 100 ^ of tand)* nmm tti{»6f 
wer@ lufartad into tba holai! ol tba folta floor and proi^i<^d a 
peaudo-eortb ic» ovipor ition* Tba wooden roof vaf provicied ' ^ tb a 
l i d iaaa»arific 13 2 13 ea for trarirlarring tba infects and food ato» 
Tb&i-9 cas&e vare iiept in tbe oonrtant ta^i^eratura ro(^ a t 
30 J. 1 ^ t®;fi^ratara and 70 j^ 5 i*»f o«at E,K. wrsore 12 hour a* l igb t 
alterrmted with 12 hourt* darkaatf. .^Ladles of cat ireed Cyaodg»i 
dactyloa* ^ex-a placed in a isaaii&r (100 ml capacity) ^ t b a traoa of 
water* fbe food woa cb&oged t^^ioa daily j^canciiiig end avaning* 
9lM»m 1 t 
n i # 1 1 
He* 2 t 
:(l6* 3 t 
nst % ^  
tift* $ t 
Larg« roarl i^ voodsa oag* $3 x ^0 x 30 <si&** 
l aa l l bop )^«r r»ar i i^ e«g« 30 > 30 x 30 €«!«» 
Gla£t Jar ti£«d lor cifi^^la pciir reoring. 
itoialllG ttttMB ultb •«( poae froo X«rga 
raanoc oi^a placad I n a t l a r t jar ior 
iHCuttfttlOA* 
ieet tttbaa of $0 a l aod 30 a l eii»aeit7 
utad lor BloiM Dop«>«r raarlag* 
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i'ise -egg»po4£ oi»tai;ied i'A»s} tDe ladtallic tulwe were r e ^ i N ^ 
B:id plaead Mparaielif in the glae$ 4are (1$ s 20 em)^ t\m open er^it 
oi %tm ^art «or« eovwr«d Mttb moBlXa c lotb field vi tb nililidr bend 
(Plato 1, i-lg* !*)• Xhei« •gg.pods were ieept so i r t vitli (^eUll«4 
%mt«f to ^sititaia 12 por e@ri& eoatMCt aoifturo* 
£h« mvly hatchtid hoppere iro^* trftoElorrad intn tmalX 
Koodsa eaget, eocb sieafuriag 30 x 30 x 30 esa (plate If l i g , 2 ) . 
«b« tvo eide va l l t md tbo cool* ware f i t t ed with tba ^ r a gmstm 
y^iUs tba floor with rac t of tba tuo t ldas vat meda of uood* la 
ttie caaira of the lacing ^all^ a l^urga bolOy noafsurlfig 12 as l a 
die£ftata3r aod l i t t ed ^^tb a c l^ea'va of amrlid c lotb , vaa prov'idad for 
t ra ivefa r i i^ ttm i ^ a e t t and iood ato , i^mm cage a vax'a also 
plaead in tba conetaat ta^paraturo roo^ at 30 j l^c and 
7 0 ^ 5 mr cant P.IU i^^ara 12 bourtt l ight alternated id.th 12 
li»iira« darknaer« aundlee of cut need Cyaodon deetyloa were 
^ rovldad lor faadlAg* 
In order to ttudy the dirtiAguiri^ilag char«etsrC| raxuiil 
u^a t^yorityt co&ttlatioa« oiPl]poiltlon, focuadlty, f 0 r t i l i t | r | lo.igiiirit^ 
of tba a^ultSf €leir&lop:i02it of the aggc and %im l^ppara of (^ya 
valisac lab* t ^ following tote of exj^erisianta vera eo:iduotadt* 
( i ) @^n paire of adult a^&B and iiiacOae ware obtained f r ^ tba 
ttock* fbe gaiaral body ooloijr of tbata inraote wm- r^xc^dod 
bo for a ^ i l l iag in the Cyaolde b o t t l e ^ lorpho^tr io obeert&p 
tio^a vere alro aacie for adoltt QB ^e l l m bopi^art* l'hor« 
i n . 
* 
( I I ) ftt-a pairs ol' mw3^ m»wg^ tt^at m&lm m& i»:m2j»§ %f»r« 
o)»taii:wil £vm& tk^ etooK. hash pmix m^ Impt mpt^eAmXy i a ft 
S3.ftii Jar Mdatitriag 15 x 20 €®« /,. felro Hoor of p@rfoiui@4 
2^ l!3^  sheot or oar^board ^vlog « bolo $ om ta dliim«t#r i» Hie 
cot^re, vm pymim&% s i ft teigfat st ^ m trm^ y% liottos ia 
&mh ^ar« A ^ iuii^r of '$Q nl ea^^actityi f i i l M ^ t b imlf% 
e«@rlli«#d easiil nai iiir#rt«S in this <^«.')i^ l^r ^i»l@;rini 
(?a.ftte 1, Fig* 3). fiia iii£'@€te noro f@4 oa Cyaa<lt>a $m%i2mst 
mt& tfoe f<ie4 ¥ft£ cbangM ia Itoyrl^* -rhaiBe ^ars ¥®re tbftn 
i>lftS«A in t ^ eoof tftut t@i^^@tiii*o ro@a at 30 j 1®€ ©M 
Xlw mia^sr of ^i<^o4£ pi^ ffiiid# vft£ r ^ < ^ c ^ 
ilirottslioii% t^oe l i l t of emh £mm&Mm £gi t<oiiati iiftx^ lift^ 
frcm ®eM£li ftig^pad* fMng with^ %b» Qhw^rvB^i^m wero also 
sedft oa eopulatioay ovipof'li4oii BM lo.^diritj of ©a0li pair 
froa %im ^w^^ eot of oxporis^itte* 
( i i l ) mmsfB %^%h ttm ogi*po<l@ oiitaified i'rost tbe eeco^ tot of 
«p©rimenl» ¥»!© iiisjAb»&ed m% 30 -^ l \ ' a.iil 7Q j^ $ ^ r ^®^ 
ll«ii« fbo %»iifeuro ia %h% Bam wm k»p% e0m-%mi% (ft,00 ^ of 
wfti#r i^tr 100 ga of i-m^h tim ineub&tjjoti poriod of ^ o eggi 
s$ 
iXyi) IToetia^ bate bod liQ^^i noro o^itlnod £rmi %l» etoeii mA 
Bt^mp%t9Xy la l£jrg» tofft tulioe of 50 al OAymXty (Flat* S^f 
Slf, ^)« ^^ ^ eonditloar of JULgtit «r)d food n^o ia&pt cooet&ii^ 
timy vo^ co o^d on Cyfiodof djctj^ Ooft, T£>o fiji^bal doratlon of 
a«]Ui i^ itd ^«ua4 tio^ pdf e «•« dot^ rmi^ iod along with U^ dailjr 
vm%9 of dtv@loi?3oat a^ miriKlTaU :Ebe roajati ere loPludod 
ia %tm ^'uh boa^its "O&volopiaat of boppore trader 3^i« cosirtesit 
•cological conditlortf"* 
llio olisarvatioiie oa t ^ pi^roM.teo of fbod yem madUi 
botb In tbo lal»or«torjF a« «oll i^ la t^ jo liieXds* irDo iofoete 
urod la the mimatijmntB ii«ro obtai^ied l^gn tiio stock maixv* 
tai^ iMd id the ^atta»t t«i£iperfttur« rooa* lloi^ por^  at yeiXX 
00 tho a^iltf tior« iod on a Vttrlotjr of pXoat* ttirottgiiottt 
tim' ioesioiu 
fl)« ord^ of prolarerioo of %ho follo^'lflc food pXaats 
^* 
2, 
3. 
»f« 
5* 
6» 
f rlUcya atetlvuii 
j£ f jses 
OTTit «eUir» 
ftojilsotiisi tjn>^koi.d«Bi 
^^looJbon coJLoinia 
CoUrlft ir«rHe«lXaift 
iU) 
it.) 
< U ) 
(liieb.) 
(Uaic) 
(J30«UiO*) 
^ 
7* qmm3s^i^ i^> 
7Qj % 9&t mslt E«a« ia %tm WmmMg ^ mi» (Flutft It Itg* 1)« fNi 
e&ntwl^i^ ^ t leasee &i 4Xitmmi% ^lmt%%B ^%h m ^mm &t water 
wm^ Intert«4 Ijitti %^m lioli>£« fist iipeetft ustv nt&nmik for 
tf^ao liDiirs Import t&lamij&g JUtta t^ faid e^^t# fb« food p3imt« niart 
.^tii^fi* ftW' pidat ldd,ir«0 dftt«i ftt ««fili p£%i^.tatioa vai Tm^m^mA 
iier« aot f@eord»d ai la&ft &f tiio immtB ttof|i«6 f<»eiii»e« flii>©^  
r«^ll€ate^ iiAth 4kiSmmi^ lots of grftis Iw^p^i %d%i tiie saa^ 
fmir plmt rp#ei@f @& Oif^sreii l j j ^e i i ioat i a i.l»i e a ^ t#»f« ^^i«« 
fto» ^ ^ 1 ^ of i?r@f#r@xi06 for dft#i foo4 flatit i t ^a^«i| m^m 
Um dlf fir&xifeiaX I'^ a^otiofi 3@t6od» wl'itr« axi'furoiit pi*i»eoal^ a&iOfp 
imiiyi»a liroa 30^0 %im0 i'&r m&eit PXBM %#@io6« f He Bt^^^te sr« 
flirofi in faba^»¥I «rh@7o for ooairoislsaco of mm^mts^m t3m^ m® 
mipp&ti ®@d an ilMi a» l i ^ of %im»e- oa^n ^«r !iadar«4 pr&ro£tt®||o^« 
tim rm&em fiii/o a mtof^l guiat lo t>t« I'ood p^iiorodOtti mA i^o 
o^icltiwit liitb ttm timkA QbrnnfmiiSjom* rbo I'tanlis of %i^ 
m% of «3rpiarlm£ile if %ar«4 i^«a ^0 iiittott of b@%to r^o t i^ 
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(ir) 50 ffeebl^ hatebod lioppftrs iiare obtalnsd I'kOB tho 
ttoGk mA vein r«arod axcXoslvely on a e^ lfiglo dlot 
%iXX tb@ir £urTi.vaX« fercantaga oi torvivalt ag^laalX 
daratioa* saturation pariod» I'ocuiidltjr and lofigavltir of 
t;ha adUilte ver® racordad* AIM£« raeulte are mmmmtBeA 
ia Sablae^ VIX and VIXX. 
(vl) $0 adult grareb^pars of liotb B&IL^B ^mr& dliildad iato 
5 batc i^et of 10 i.iroott aacb (5 f • $ M) aod vera 
starved for 1^  • 20 bours^  thaa \m^B ralea^ad Into tbe 
breading cage i4ltb one preierred food pli^t C a^odon 
dact^a a:Ki one uni^ rtf'erred pi-aat |^ anisetua typbold^aia» 
4ater vaBf boveveri provided &t al l tliaes la the petri. 
aif bee vltb soai£@d oottoa pade. obeorvatloa thur sade oa 
tbe maoaer la vbleb food pla.it s are aeleettd It laeluded 
la i;a^ >le*XX:« 
( f l l ) la order to r&udjr tbe effeet of teoperature end saaolftur© 
on tbe d«V6loFa6at of tbe eggc of 2i 2 S ^ t f^«^^^ 
Xald eg@*podi were obtala i^d fro^ tbe ^ecc^d set of 
e^ K r^lnteatf* imt^ egge vere divided Into batches and 
iaottbated at 1$**C, S§^C^ 3cfc, 35^C, Vcfc end UJ^ C ultb 
coataet sMsleUtre levels of 0»ot ^^ t^ 12*0 and 2Si«0 
;^ar cent* 'JAm laeubatioa period and pero@ai.age of 
batch were recorded and are lacluded la tbe eubt^adlag 
**rjevelopii6at of tbe egge of 0. ^eloat la reXatloa to 
different levcilf of terseratux*a aad buali^ ty*". 
3a 
(Tiii) iTssliIy l4iid «ggs v&t^ &h%^mA it^ ^m B^e^oA i«t of 
«zp0ri2^.it£ a»<l %im9 aividod into t«£i botchos m^ vofii 
liieut>atod at 30 j^ I^ C t^^^ratoro ultti ^.0 p«r oont, t^O 
.^ er cent asid 20,0 per eent coaie^t aoipturo* ttm contact 
saoirt^ iro vao midUii£ildod ta tim ioXloviiig iirderi 
t* @»0 ^^ ^ c^t cofita£jt »adUtm*« €&tt i 10 ds^ 
t 5 i^«»« 
2t 12*0 i^ ^^ r €&fit ooata&t ooittora f l ^ t 1^ ^^^ 
t TlircKA^hotit 
t 9 fiftyff 
3* 12,0 >^or o©Bt content moifstiiro i^ r i 10 dajre 
U-« 12»0 p«r <»at eoatsot moittora aalatialsicMt tlbif«mglioiit 
but aft^r 10 d@arf <@f i^g lading* 
file ii*H, v ^ ^alDtalnad at 9? ^ 5^ aX«^ ^ vltb tiaa 
eoitr&aot t^i^arattira in th« c«I« to<m» twsh a to^dity 
lavaX V8UIS providiod 1A order io i^ revaat Xors of aolttura 
frc^ tha BaM ^ ir^ iy^ h i^^ ipciratlofi* £^ lia ln&utJ&tiosi |»ariod 
and per<ea:itago of hatoli w^^ ra recos-clad to oiKsarva tlm all'act 
of eoataet aoletura aa tha <lav43lopm«fit of ilia ag^e* fha 
raBuXtt ara Incljiaad ia tmX&mXlt 
( i s ) ID 03?de^  to etm^ •iM9 aff^ <rt of fluiataatiag taisparatua^ai 
oa tlB drwe^ Lopi^ at of aggs* .tn^^^ly^ L^aid agfa vara 
obtainad f^ Poia tlJo @i^ o«id sat of mtm'im&s^t and vata 
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di^ in^ ltA iato ^ix iNntcbos, Tmf:9 bateiiQe vert glvoa t%io w 
^ li^C fc^ $ dayt and t^^ ost iaeabat^ct at t$^€ teiiperatur*, 
3* 3$^ C for 10 dfiyst tiHia 5^c ror 1 day and tb«n egain 
i^uiiatiKl at 3 f ^ t^^ratyr* . 
If, 1$^ idr 10 <liff• ttea $#C for 1 day aM tiiea e^ein 
iiioubatadt at ^ ^ t^^aratura* 
$0 20Pc for 10 dasrtt t&aa ^c lor 3 deye md tbaa lacaibatad 
at 35^ c: te^^^araityra* 
^« 35% for 10 day«t *^'^ ^ 5C^' ^or 3 i^s^ ys ^ ^ tbaa i£i<»il»Kt@a 
at 2€rx t«ip<tf atura. 
i;iar<Hi^ hc»tt tlsli» s^t of aseparl^ ai^ t e tha contact moit^ure 
vae maiatelJia4 at Vi^ mA tiaa E«li» at 7$ j - ^ ' r&si^ t^l;vaXjr* 
liia rasaXti era isicM4eA in faMa«i^II« 
( s ) ft^a^X/ l}atcli@d faoppars ^ara obtalaa4 ^oa t ^ etoels a£)6 wara 
raarai M m^^n @«^ arai«a l»atci)as i^iara aaals l»eteto eoatalsia^ 
§0 bapf«r«« 'iba liops^ ara ifoi« i earad al lOPf 15^, 25^i 3CPt 
35®, l^ cP aod *»5^ C tei3|j«apatura dth ^0 j^ 5 per cej^, 7® J* S> 
ij@r aaai and 90 j> § ^ r eaat* ^^caatlva tassiMitiMe r&§p&^ 
tivaljr, OsM ii«i« l©i?al iiar ^naiataioad at a t l j ^ and tha 
ctpariiaefit vas pari&raad in trl^lieata* :rba liraading eaga 
daseril^id aarliar waa u^ a^d e^d the iA^ @<^ tfi iiara iad o& 
C¥m4mi daatyaaa ©£id 12 boon JUJLgt^  altaroa-vad ^ t b ia bom's 
dttTliaafity ThBB0 cai@e ^ra placad ia tha eoattcuit ta£^^ar»» 
tiara rocm* fl^ obaiirv&t4a»f ^ara mada on tua oymphal Si:^atiaa 
L 
I 
I 
,1 -J ^ :^'Vfk^>W£.- ,vv^fci5>^Sia^ 
fig. / 
i^ '" tt«fi*f'j 
' ^ 
*Mii 
-•—«jai:jM«.-B"^'' 
of botli Bm9B along Mlth tiae ^«roo.it&^ oi' rurTlvel «i naeh 
i ^ t s ^ level* I'beeo r@eulte are lfi£luai<i ll^ ''Detrislopaefit 
of iM^pers of j£ VQli^  usidor dlfioroat ocolo^eal iaoiore** 
( t ^ b l ^ i ^ l l l a XIV), 
(xl> £?«@bljr ei'a<»r^ Kl atlolua noro oi>tai£»Bd froa the ttook aod 
if«r« roarod la eevoa iKitebee of 2$ p&lra oacb itt 1(f« ^ | 
25% 3<f| 35^ » *»CP aa4 *f5^ C toaperatmro ylth ^Oj^^% 70 j $ 
aad 90 ^ ^ 5 m^ 9^<^ ^ "^^ tH* eaparat^ljf, itia food« £ 2 3 § ^ 
d»et; l^oii va£ Is^t eonstaat aloog ulth 12 tievurs aXtorontioii 
of dark ma4 light porioda, UMSh pair vas roarad to^^aratalr 
id gla^s J are aa mod In tlie aacoad t^ a^t of osparliaeiits* 
t^tasa aars v^e plaicad In %im eon^taat ta^aratura rootsift 
tfm ol)®@rvatlons i#^a r@c(^ dad on the autrvival« facundit^t 
faruilt:^ em the lon^l^ity undar tha dlllbranft acologleol 
coiuj^tlons* fba rosultt of thit tat of axi>azla@ata ara 
i^liidod uadar tbe etil) baMlog "Dairaloi^ iaat of Adultf of 
Jft ^ ^ under differant acoloclc:^ oondltione *• 
(fabla^XV to KVnX). 
(Kli) In ordar to atud^ tbo Inlluanoa of tba pbyaloaL faotora on 
tba toaotlcme of tha bQ|»par@ of j ^ yol^, tba iolloiiing 
asrp#riii@nt na^ datlgnad vlx^a tha alssoltaneout Inri^ ianGa 
of tuo or tbraa pbiril«al faotorf was rtudlad. 
m ali@raaitiva ebanbar (Fig* t) siisllar to that 
daecribad 1^ Qiinn and mnnad^ (193») vas iifad* ibe glaive 
trottgb vae 12«$ at bigh ti^ id 3C^ $ ea In oiasiatar* faall 
C/ A V) 
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petnoi rhef «ere orr^iged sysiaetricolly to tbat Uiey corvextsd tb« 
^o lA glaet Hocr a.icl wo^  @ oontigtaoup along tbe elr®a!3ic»refxi« 
and ttie dlas^eter oi tlie chsiaber. the derlred tMril<litittfi i««re 
£3alata4:!ied ^ saeane oi' i&H oryetali^ aiid xmter place<l l a the 
petridlrlies* i% i^alre^Hoor of i.erlox-ated sine rbeat vae -sarised 
Irito a nunder of regions by red ll . ioi arui vat ^>laeed over the 
petriaiebee* i i ^ ei^ee oT %im fcOte^noor were sealed to t l ^ 
0idle of gla^e tlirouii) with traafpore:%t adt^eeive toq^* A g le t r 
p la te ^ t b a oeatnil bole covered %dtb a f l i d c , to adislt tlie 
l a r e e t i , \mt plecod over ttm glate trougb a^ id ssade a i r tlglit ^ 
gTdaee. «l"ie alttitrnatlve cha-'Bi^ &r iiac mm6» a^ id Isept in the 
cofift&at temjj^atai'e roco* I t tai^e ai)out 2li> ho^ jsre af ter the 
aeiwiiig of tbe ^^ara ia f to .lal^itolA a etatio.'iary gradient of 
iRiaiidlty exte.idlfig froa eisout 10 per eeat to alsotit 97 per eeat i •li» 
The ^t€r::%ative ctiomi^ er ui<s placed l a nooden laox ( I i f . 2}f alioyt 
t»0 eia e«|aare aod 32 co h i g ^ bavltig t^io fide walls and a roof 
fmm of woodf tbe l a t t e r ^^tls a eiroaler opening, 30 QQ l a 
diaset^r , vmeb waf covered by a piece of mXXky p las t i c rheet, 
'ibe operi twck of tlie boac vet placed agolrirt the wall of tlie roc^ 
irl'iile the top of the tasile iorcmd tim £IQ&P of the bo^» 3. fie 
iltont of &£)e box waf opeii to reeord tbe obrerv&tioa* A c i r e u l ^ 
gla; r ve '^ relf 30«$ ca in dlscaetur arid 12«$ ca high vae f i l led 
with cold vatf^r dm. pieced over tbe cireulai operdng of tlie box* 
ihlB was arra:iged to aiaow tiie dlinured lii^lit raye to f i a i wi 
tlie £(ijLt!^mi3joase of ttse alte^rriative e»a^t>€r and ai.ro to eUaliiate 
Um rg^dlant r^eat* lor toe low ligibt la te t i i i ty (0*7 log £»ot* 
la-aliert)! one oO vatt liull} vat beld ^tb a Btan^ a t 3l» eis aiiow 
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%tm vood@si box ^tb gLafie iroog^ fhlr ime tiJ« mlr HMJ^ ia iS3» 
otl3ervlt« ec^pliittJI^ dark i^co. f& olittiiii bigNHT liitit mt&asitir 
(2«1 l»«i*U) tiwm i>ull»G @mci ol" 1$0 tiai.bt i#er6 ut«4« Tlw 
lat«;iritr oi: Xlgbt on tbs laLl£d»lloor was iidafMrM vlt^ ea r,E»i« 
r««etl.oai of feiie toppers to tue pli^ rieaX factore^ ligtit a ^ 
tmsildltjr, whlld tbd tMjrd fact^i ti^ p@r&tur«| \fm isspt co^tmt 
iovly Imtci-ioa i'ir^ laetar boppert aitd oeirlar aoultod 
tecoadf tlHf d^  loiirtliy Ultb mod tixtU XmXsap hepi>€^ e irore 
olitcJLnod regularHr £)rom tb« etook mai£ii@JLn«4 JUi tk« laboratorjr 
aod were |>recondltlon@d at 30 j^ 1**C aM 70 j^ 5. i^ H* fc^ turoo 
doye* Ibojr v&m led twieo dail^t laornl^ ig md ^maijog on 
C^ng«l^  dacty l^ £h« aaiip^ri^ Ate nero coMuctod wli@r« tt» 
boppera vara <^rovi.dod vltb a giPadie^ ^ of &uaiait|r la tbo Bmm 
cbmii^^ ttu» tiio imXv&B o£ wi^b ara ra^arrod to fts tbo "'mi" 
and tb» *»sr3r*' balv««# 
So elialnata i^ ha porslliilitj ol' gn^iariour beba'^ lotiry 
It va@ ereentlal liO ara oae boi^ o^r i^ a tlao* 'Mn mp^riamtASf 
^&2h Q£ 10 mlrmtes duration tiaro doaa oa hei^ p^ re pr^irioutlir 
«:©aditiosi&d at 30 * 1*\" aad 70 • 5/^  it.H. I"©? thr^ daye» Eaeb 
laaeot v&e reXoaeed ti^oui^ tbe central bola ol tba glafie plato 
irlilcb inae tbai% ooterad bjr a f^ lide* liell' en boiir vat alloiitd 
to ri»»8ctal}llib tba bu^aidltir ecialllbrium* sba iollo^iag obterv»» 
tloae wra tbaa ra^ r^ditd tbr^igboitt mwh mlauto* (1) tlae r^ a^at 
'*lfMK:tiira** (l*e« cc«^lota restf mi moireoeiit at all)t (2) t i ^ 
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spent '*^ti'^0» (i«e« i^alidng on the lea te r i o ^ ) , srconding and 
dsicoaOlng tb« tldiee of tb@ etiagil^ er or gl&cr pXat«| m^v^i^nt of 
logs cs^  £»o4sr rogioi^nte anti cleaning, etc*t (3) tim mnAm^ of tope 
a^ id turnlngf am^ ^^^ fainat©* A turn througb lf»cP war counted «6 
hiOf a turn, wblXe 3oC^ wai^  cui&ntcid ae one ^o^^ylete turn* AXttiouiti 
t£dr 'uatrt m eom iciered. to i^ an ia|i>orji'eot ^aottod of recording 
KUnoislnoelfi, poi'sibxo i'aci^ors @xtor:ial to tlri© clia^b^ wor9 
sUmlriatod by rotating ttie cb&iiiMir vhroi4gh W^iP after ^^  -^mitoe 
obtorV£ktlon£« 
In alter ' iative ii«il« @Xj,>orlra&ate, fi^ecial care was tcuien 
to rc<..ord who aetl^^itlet' of i.ho boi^^er mi4, of tbci tltae f,>ent in 
each siciif of Wi© GhmmTm 'xii© liotal tla© rpeat ta tb© '*w©t« Kid 
'dry" bal'^et va£ thut recorc^od* AS an ertl^aate of tbe Intensi ty 
of r&c^tlon, the "oxce@r ^^^centage oi roaietlon^* .ij;..* imS s 1Q0 vas 
ured (Gunn a-id Cotwayf %9^}m In tl^le ©iprerdLon y and B ai-o tbd 
tliK-e rpont lny tk^ lio^i^er In tbe wet and ^y balvee, i^i^octlvely* 
'Ibe t toorat icnl viilue lor no rottjctlon Ir 0*0 >^er €@at« in tend* 
ticjf of i eaetioa wltts pof itlv® itgnt denote a preference for 
hlgb iA^il* eM vlot y rso* i i^ resul t r n o included In the 0ul>» 
l3oiidlc:ig ".jeijeviour ©f tb© boppers of ^ Velc^ to I lgbt , teiaperr-r 
tuj^e ©ad l»iUdlty". Xtic rori i i ts are lncl.ud©d in ialiie*.XXK to KX¥, 
:.3eriae6 tliose ^^ etc of estperi-aisntr, oa^crv&tionr t^ro alf^o 
'aade on the feeulng and roof iXi^s oei'm^iour of ttse- I'lc^pere In tise 
laooretor/ ar m i l at In Wi© i l e ld s , turkey of tli© esiisrisaentel 
36 
field vftS oondttc^ tM blii&dk3^  lor & p«riod of tvo jr^ ars fraa 
<lialjr 1972 to OUljr t9^« ib@ r@aais of a l l tbeso oxpori^nts 
lOoflg vltb genial om&rratimm are preisedted ucidor iht ro^oetiir* 
0»&»rioodliii8« 
cumtmrn XV 
iwi Ill III • 
r g MM Ill «iili II rT<ill» 
39 
^bd lb3Ll(r.4.ae ol»0ervationi are o^Blmd i'rom %h& i i r e t r ^ 
of QXj^rXmatB$ 
(a ) Jisilngtii^bliig %. hwactarwt 
2a i^ eineir&l b&Xto ;mlme- ^nd fo^axof are of gvwm colour; 
2i«41u& to fiaaiU. Fised i^th usrually eloHiat'd eyHndrie&X liotSy 
littvifig 0oootl> iati^um^ni, Tlmr® i t a lirocad ^aok h^md oactond. 
i.ig from tba u|>por iialf of the ©j^ a Us tbm mm of togi^mi 
vi»rte3i i s oitoa with t w div^^glng tsrowfi li;iee aod £.oc '^^ l£ie£ 
tbe ^itMla of tba v^UiX ijod pronotu^ if fiIXa4 up vl th a 
latovn bgr«i« i s ^ i n a i c Xoriigcjr ttae^ tl36 biM i'@iitarat '^Ub» 
b^alina la ^latoxe witb rufot&t ruiorvuree. 'iitia coeta vhleb le 
r a t t e r ©xpaiidod inaur iba bc^ai foia©ti3©r a^'i^ai'G dout^d oisd 
ttia ia:K^ ^lorgift i e graan. tbm^o i e ao rtriOolatorir laaahanlra 
and tl^e tjm^ami^ ir> siar^aX^ preceat* 
I^iis a-a graan in colour» tbe bind i"eiiiaJr& ^ t h the ssidilla 
carina t«»raiaatas in a ^ Jaa.1 tooth* !i:^ Ki ^€!i^ro-tibial Joints ara 
;u8ri£ad vitb t^iacisieb m\d reddii^ pigiaeat^id ai^ aa* my^ lm6a»lo^ 
of hloA i'a^aur ie e^i^ia 11^« i;iad ^aiiora i s aspsnded i rant ra l l^ 
lliM tibiaa* li^yoad t t^ :ai(iaia» and tte f l r t t t&real Joiatf era 
coaridarabX/ as:..endad« aia hind i ib iaa ara gT&an *^tb t^io rotre o; 
latQvii tipiffed c|»i:iae oa tba :3©rgin« of eit^  raided veatral fijrl aca. 
t ^ 
IMB% 9i3tt^2AmX tUTtklt.9 in iema& U lKleariii^«« ttm 
ovipositor veavot ore marra&o, la the m%tly mmit&&d aaoltt ^it 
(toreeX tmM i|^ p«iyrt tililtlsii ^r%m end ttm r«c% of t^ ^^ «e 
brigtn £r«oii« visicli lator on alter i»«7 days of a^ 3«rf@neo turos 
iroiia aad titia brlgiit graoa colour i)(iooa»»0 a^Ol* i^m proolnaf^ 
i^i^aofit&tioa iA thic urasthc^i^or djUalois^ hot ajui 4i4tt a dfijr or tiia 
ssafora tbe Oaatb eppaari a;ia<g>st» laOaokitb lirom la ga i^oraS^ Shis 
ooXour eh@t£iga la aore pr^iounca4 a@0£ke tisa fi^alat t*baa tHo iMlaa* 
In m-^9t9X tbe r^^ al^ e ara ellghtljr r^allar la sisa %hm tba 
fe'^ i&laSf iKut tiM a t^amiafi ol' miuL4»e a&'a s-Iiglitl^ ao^^ar tlritafi tlioea 
of 1^3&lae« nia avarai^ vaXuae of iraarloufi etriK^turas ara aa 
IbUovff 
rtruottaraa 
a i » iiuiaiKiiiiuM— .«(MMiiM 
Mala 
»(<»••• iiwa*.M<wiii.' 
I''«}ala 
aadiy langib Zmhf^ oa 
0.87 
4li*ra^iaaio4 
1»if1 aa 
3.73 «o 
0«7S oa 
«f»*6ap»ntad 
1«$0 aa 
'.•fkMtMHMMMIlHM'-<riMnMaM mi0mm»mmiiummm'••'mim -'mm t 
( b > CopulaUoAt 
fha followiag obaarvntlone are otilalnad froa ttia tacoad eat 
of asparlcaeats t 
M 
mth ma3« aad imtaJm do aot i te r t c^ttXatioii iG^0diat«ljr 
aXt@r tlw eia@rgd2ieo end tlui pr%m&Q^QM%Xoa ^^eriod v@tri«»e fvoa 
ttiroo to lotsr da^« 
fo iiosiii vitbf i ^ s^@l@ ftdva£ie«s tot#«i*de t N i«^ ii@lo nod 
ro ashing r)ear«r« touel)«e th« I'eaale ifitb vlie suit^ n.'^ Mi %MX9 
Gittiog aotiO{ii«f0* a!Ni malft ttiAa £udd«ii3s^  4*i^^ ^ ^ iaott£it« ov»r 
tbo l>aok ol' tbe l€t££t@i«« Qitmn l«ial« ttarte 4tt^iiig vigorooisljr 
iib«n i t do«t not va.1t to co^olmtef tlmt emiisig m^mo^i/m^ 
othorvi#« tbd imU laouatt ov@r tb» l>wel£ of tlio fsmaXo viti) i t £ 
iore^Xege at the frotit&X r«gioa niiilie i,b« elawe grs% Uso loiter 
taargine of proaot&L lobet, xbe iiiadlo' ptdJf of logi bold ilM 
lipmalo uad€^ i t i viagt al»ove %im \aim pair of Xegsi wliil® &ho 
DiSHi lege do oot teHo ^art diirisig tfeto wbolo proeo£i« lEnd ti^iiao 
aro pr@@f#d clo&e u a i ^ tbe fooora «Pd t@r^ um&t tim titxiot* 
Aftor tooldiag ttte iioinOo fisialjr ^lalote Abt^ i^ea i t ounrod dof^a^ar^ 
and i t s t4^ i f isrougiit liolov t^ a^d^eii of fomalo* f!)• ao^gue 
is protTiidsd aod iofortod bot^ooa tti© vontraX otipoiitor vaivae* 
a he aale o@roi olai^ the tul»»gof3ital p l^ata of t ^ fa^ala aXl tlit 
aoro fi4ria3Ly siasr i t s b&m (Flata 2)« 
Ttse famalsa ultb oalee^ia o^tilOf aajr coatiatia to fead^ 
eravl and evoii Jieapi vbea diet^bad* 2lio oopoXa&ioci o£i0« di«ryptod 
m$sit frtort again af l i^ a ga^ of 17 to 21^  boiyre« 
tlti^ ^20 copttX&tioa i t ov^t tiao fotaiOa etcrtc ^arldng soma* 
aentf md tbaa lat@r o& etarte jumping nitii tha ^ailat tlroiiiiig t N 
bind tibiaa witb jarki« fbia eaisoe tba {^a^eratioa of tba tva* 
PXat« 2 I Ad ite of gggra v«Xo» fab, eiiot4.a« *miiiiflfi typ«* 
in cflpulor' — 
va 
l3am*6» ®M i t rep@ai»'@il e@ireral ttmUm tim it^imie§ are eq^u la t i ^ 
l>®i©r« car sl't©r "oj^b o i f l iM j f l t ioa . ttm i rvqueat eo fu la t io i i * a r t 
iwt tmcmB&f i o r eu©e®iElf# ov l po r i t i ons . nm f i r s t c©f« la t ios 
ma^ ;I9« f^iH^Umt to f e r t i l i B ® i>h^ «g£6 i n ©11 tw&etm^Xag 
o v l p o f i t i o o t * ' I b i t ha« l}6#A ot>f@r<r@«i i n t l ie ieaalen Isopt 
ioparat^ I j r a f t s r it:® I ' i rBt 6opuXstio£i« m>%mifeWf tl36 f9eiif i4it jr 
i £ inXltt&.'ieoa ilii9 to tt3o prtitmm% o f sisieB slonii i ^ t b ttm tmml0&» 
.doth pelljrg&!a '^ mM poI^^aOr^r are ot»s«2'"¥odi m f a r as tba eliolea o f 
:j>aLe or i€t.iale i t co%@!r^d« 
X!:% ..0iaid# a t &.1 av^ ra i t ca|>ulati»i $ to <i t i s ^s dWit ig t N 
wiiol® XI*» %$jm ind tba a'^^'aga pirat^copulatiossi per iod I c found t o 
tm ^t^-Q J 0«t5 days (I©t>l9»l)» 
ie) ovJ i fo r i t ioa i 
Its® io l iowing oto6#rirj5.tloiie imr® liiiii® fr«® tm me^nA f@t 
o f os,-.#ria0atS| 
f m i(v#rai® ir '*^»oTi j^r i i i jof i p«^io«i I r imum t© &« 9»0 • 0,3§ 
day* < f a l i i » . i ) , f l ia aoiefc sai i i 4r ^r0iari»Q«l iia a ait® l©r 0¥4|>©ti* 
t i o n * Qit®fi i t o i ^ p o i i t i om tli® grm§ o ladai i^^roviaoS as food* 
ttm ®gi»imtoh i l l t i ls r a M i t k;ii£iwn as ®g£»pod (Flat® if» fig^, 2) 
vli0r©at tiTior® loidi oa th® g;rftis ibrls^e a i @gg«clttt€b®g (p la ioU- | 
i l g * 1 ) . 
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i 
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? £ ^ « ^ ? ; 5 3 ) P ? 3 I ^ V J ? 3 « ^ 
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m jt ^ \f^ f^ ^ «c t s . i f \ « 4 ' 
• * i * * , j | - * * » * * ^ * t * ^ « * * * * * « d -
i * ^ i l « 4 j | % A l f s . » 0 ^ ^ 
*•! 
• 
h% 
f^ • 
o 
¥* 
th& S^iaais of Q| velog, Imlore egg lajilfigt «@tof ft tel«oticifi 
of tlid r i t 9 \^ crawling ovar tb« furface of ttm emd along %dltli 
rtiyttiaie op«ai:ig and eloeing of %be ovife^tiUir v&lv^s, and taa^e tbo 
suriafBo idtb tb^a* i.b» euiiueule rUo i r al«o fudged by toueblhg 
tbe rut^ %iltb tbo belp of aa^imae aM palipi* 
I f tbe ^It^e i£ louad £aitaal«y tbe eodoraea i r mat «M tb« 
oviporitor valveo ore tb ru t t i n cioe«d <;0£i(iitlon ^Hgbtly Itiiida 
tbe eaod aad Uma o^  ened %ria@ljr« ibo rbythi^^ opo.iing a-id eloelrig 
of tb© vcj.ver alo.ig \4.th gradual bac iswaiM crawling h«l|»« tb t 
abdb^adn to go d«@j^ tfr arid deeper. l.i ib is ws^ a Imrx^v le saadtt 1A 
the eand -#iich i« a pre«re^uirito i'or •££ laying m Xn a l l tbe 
acr ididt oggt are laid in tbe r o i l , l a .iacya •eloay ttm borrove ar« 
g@raraily 1 to 2*5 o@ d«ep« xiio depth of tbo tmrvow i e d i rec t ly 
roportiOiial to tho exi^aeiooal c&i;acity of tb« o la r t l c abdoaiaal 
in te r cog -'^  At a l ,i3a«am^ ' t;-iaii • 
i^ afi &b6 burrow roaciioe tbe caari€U3r€iai.« d^ tb^ tbe t ip of 
tb® ai>tk»iida i r rotated i a a cireolar way fo ai^ - to muim Urn imHi 
of tba burrow i^iootb arid coc&$;act, i/oon the burrow ie co3^latod« 
%tm Q.h4o::fta if r l igbt ly r^&raotad ik-id tbe xrotby soc^etion i r 
poured iafiaa tb@ wallc %tuieh if partly abrorbed by tbe faod aM 
i©ti naideriid. Irotby eacreiioa i^ air© dGpoc i^iGd a t the bottoet 
of tbo burrow, lb© i©.isal« f i t s al.iort c^tioaloSf %?itb i t f abdoii©a 
boat a i ^ f t at 9C^ a.n<i biiid Ipiorft vort ioal i a por i t ioa ( l l a t a ^ ) , 
Ei:ee are la id o.ia by os^ erid eacb oaa of tboji i r gliMid ^idth tb« 
S>Xat« V t ^ 8 « # » i 
H i * 1 I ^«t8 Citttob. 
l i e * 2 I KM pod* 
^ 
i^ottiy BmmtXoih i4.tto ti:ie descent oi egge tim abdoiaea I t iraidbtteljy 
re t racted. After the eggc ere la id tbe reoi&ifli.'tg ehasber i s tlXh»A 
with the ifoth. Tim wbole prooeei^ ta^^e el)out kali ea bour to 
orie bour* 
ine ie::^ ej4} ai^ ^^ears to oe exbautUsd al^ter ovl|30'''lt.ion s£ I t 
diarcbee tovarde t l ^ food and i-terte feedliig voroeloufXy. 
itm average pre.ovipof'ltloa« ovj^e^itloa afid port^Q^ipot^ I t l e a 
4.^riod8 are 9.0 ^ 0,39t 17«0 j - 1«*>0 arid 3«^ j - 0««|1 dayt re^®cti"^-e2ly 
( l a i ^ e - l ) . 
(d) Loagevity of tlie Adulti 
lim -iale hae got rl i i jhtiy longer l i fe - i^sa tbaii Use i^ cManle. 
•ikl-ie llfe*epaA of Use i^alo at ari a'ffersge i r I 'ou^ to be 39«^0 j 1.57 
day«, while that of tbe it..j|ile I r 2%90 j l.oP day® (Xa'Me-il). 
th& iolimfing obr^irvatioiif were aad© fnoa tlm Uilrd eet of 
ox|/eriae ate I 
tm i'©i3.^ le of ipL^u valost i-ab. leyr cis to fourteen egg,t per pod* 
iim t»i^QQr of egi-e r^oeia al^o^t the rasie i;^to (>l^  th i rd ovlporitioa 
but decli^ief^ aftertfards (Iai»Xe»IIX). 
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€N O «" •* O 
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< P f l < 4 « ) ^ 1 ^ ^ f w C f l ^ < l 
^ • " 
^ f -f*i^ J* 
«s J^*^  
f" O 
H^D 
4b« S9mwt^ ammm' ^ ogc® ia •a&ii pod if SmiM, %9 ^ %Q$ 
(r&ngo 7 to i%$) &£i& tb» ttverage mmmt of egi.po4» i>er ftf3«S.o i s 
i^mStO J- 0«Hi« tbo totiX austber oi oggi laid 'lx|^  a rlaglft f«mal« «I 
Dtia vbole €(»^ pagt ii&s'e oX agge em;.lor«d Isit'ida a frot^jr 
eaerotlofi fsciot^d ^ aeoar^orir gl&^ le eiOlad tlia «gg»po4 
(Plata ift i lg . a)« x% la darlfelaroim la <solm2r aad Is utually 
corllmiriaca. tovards Ite posterior i^ iUla tba eofe^rlor aii4 la p^ Ui%a4» 
Tba agi»pod is 1*^ to 3*# <^ lo£ii a^ :i4 %h 1^ 0»$ €ia la Oia^at^r, 
tba h&s&l 804 ol* i t le utuaUr x^ o»ad#d ¥lill» It It aiilfofs3^ tiiielE 
aH al(»i£ vtea InM oa gratt Ula^a, fbo tV9tte:r eeoraUoa viiloli 
gl«i«»@ tisa agge If p^ouii m4 tpMig^ %& natujro* It ^ t i higrdanad 
wisan dria4« f l^ a pofitloa of agga la a pod d@p«ii4a on i t t tlupa. 
Xatarnaliy ttsa po^ le umally a to 3 c^ aab#rod« ths ap»c o^ tba 
pod |)olistf ypi^ trds wlille Iti beta la roiLidf wlt^b mij&f&p^lmt asidii 
of <^ ga polntiog doviiir^ rda* /« 
(a) jyft 
:LI^ ag^ are ledd In clytrtert sod ara gluad to^^tbar ^Wi 
%tm Hcotb^ r saoratloa* %im^ are ac^tljr pla«^ ad la tuo rovi^  wltii 
ttiair miaro^yXaf QtiAs iovarda the I»a6e of tbe pod* 
Iha egg IB al^ig^ted ami e3>ai£iiirleal* It If tligbtlr aurwed 
and roii^bly liaaasia b^npad (Plata 5 >• Xte br&ad poatarior ^id 
tqp^ Tfi tiigHtljT towardc the a'Starlor e^ id* Aratbl^ r laid i^ga era 
^9 
fmHov Xa colour wl^ icb b@aaa^c trava ^wt two or thf«e daye li©^r« 
batehlng* ir&etily la id og£ i e 0*392 (^ Io.ig and il^llfi QL3 In 
dle^etor. xbe sisse veri^e r l igt i t ly amoag egge of tbe roa© podt 
but tbe th::,^Q rusalnr a.'K;b^uii_od, irj© chos-loa, i r tl'iia sod ^amiX^ 
granulated end the vii^lH.i@ aoi;;^ >r£^ w'ie l l e t i»o:i&ath« 
ifio ogfc gradusliy increaees l a r i se ae tfoe aau r^a l c 
devoiopc^.it ^^rocaede* I t oeofurGf w^^ l** s 013^ cm tbroQ days 
boioTd batching* ahe chorion becodier tiiiok vl th pronounced 
gra.'mlatloa* %m alcropylo:^ @nd Oocosioc deaorcatod* fl^ 
op@rculu^ If dlrtlotctly isn^md *^ lwh a dar^ lirovrn cirol©* i-ba 
egg ae a %it'jolo l^m&mB dork brotm l a c o ^ u r ^ r o o a : ^ dua to %im 
ti^oisonlng of t.lm chorioii* 
(b) iiatcblnet 
•^ be QigB of (pya yoloac i'alj, batob witbln 19 to 22 dayf and 
tb© avere ,^© liica^stloa period ie 20#o0 j - 0*V2 daj'© (!i'£s-.>l®»l^  ), 
yrior to tlse hatching alm^ s^^otB a -^j^ eer on tbe oiiorion 
zioece tb© opareuliM* i t Ir at tiioc© rpotr thct ttm i^orlon 
eve.itoolJijr rui»iu.rer and U^ vcr^alioz^ xarva hatcliae out* it}© 
x-QRilfora ifij-ira puf u©r ttd'ou j^ki 4.be Aid of tb© ©t,j;»pod and oo'.'Mt 
to 11© on 6h© rurfcic© ol t und* 
fh© average p©rcoita|*e of hetcnlng I F <^«1 J . 2.30 (lal>l©«0)« 
2T7im 
;.vi-*" f. ' 
..-•;-:V;.-::v;iili 
EGG 
f la t* 5 • i^ gg of uxym To3af Ifa^ 
Flftto o t VagaifQga laTWi of QKya veJugg I all. 
$Q 
%&m^ m IV 
Zaottbatioa period m^ i^^rooatago oi oggs tmtci>@d Q£ pary^ ,.?ff3-^ ^^^« 
ft^ 30 j> 1®C t€>a|Hjraturo and 70 j ^ 3^^ ii.li. 
f *^« Xacub&tloa par lor (doyc) f^re^ntiiit of &ii8 hatebod P^rcofita^ of 
1 . 
2. 
3* 
5 
o 
7 
S 
9 
10 
22 
20 
19 
21 
19 
22 
19 
21 
20 
91»C© 
100, (^ 
100*00 
92*00 
91*00 
l!5*00 
^ 0 0 
90*00 
00.00 
90.00 
09*00 
00.00 
00*00 
08*00 
09*00 
15*00 
0^,00 
10*00 
1^ 0*00 
10*00 
f.E* 
20,60 J- 0*1^ 2 ^9*10 • 2*30 10*90 j> 2*30 
m l —liii^aiwiti 
S f l 
( i l l ) V&vmX&^m h^rvui 
m i l l iiiiimiM [• I mmmmimmm 
ftt@ w.,TmiSoTa Xsrva rmmLm etntloced la ft %hi&k mm^mm* 
Itf btftd If b&at $m0m93^^ ^t,h tAm rnit^amd nod H r ^ tiio pelre 
of legs S>r«6f«d clott« m^it tbo lxi<ljr (Flate 6 )• ^ ^ l^nra* nrlgel* 
throttgli %im pod md aXl of tts^m mmrm l a a ^ro^^ at tlit opeiiiAS 
of tijO iwrrovi Ml tb9 larinnt ffoa * rlogls •gg^pod et^r^i in 
aljout 10 alfiutoe* :rb« larva eafits off l%t coverlfig saeiiiir^a* «ftor 
tone hide tb« eui^ fsico of Itm tasidy a»4 tliit i t oell#d «£ i.'itor* 
eioOiato @oult« %fm tltorimto eontre^tioa a^ id «ap30i^ l<»i of tim 
GQTViXi&l m^jniOM, rupiuros this whitft s^ emlarci:!^  m:'iS tbe young of^ 
c'O^e m;it» fha tlae takea tiy Litiirsitiiaio aoalt usually doee mit 
excodfl store t^&£i ttio to UircNi mlmi%««« 
Ttm greoA eoloorod vt:^ mllo^m larva ae^oros sfc &a eiimr&@9 
0«i^ 013 In longtto* '*rmm of Iroiceileii tpote «ro preip&nt ol^  tlie 
l»&&o ol iseta« la ior« a^ Ki ialddl»»l^e| bia4 tiM.at aro loag aA4 
poeeoE tuo roiTB of splnulors &mh aatrnmrn i t 0»13 cm loDg asd 
12.ses;^at@d* i41dt& of t)oaa le O^ C? om a-"^  tlia hlml foaair 
siOaMtfoe 0*21 em long at^ OwCt^  «»a v i^* ^^  t r ^ a s of i^loag pads 
are ioimdf tbe gQaltella ^p9&^ rtitHntcintsry* 
( I T ) Hoppi^ laetajrC] 
tMm-'timtmiHmmimm-^mmmmmmmm 
tim iolloid.ag o^iorvatlons are obt@l£iod irom tim i'ourtts 
f^ oi oi aarperliieate} 
$z 
Tim am^ mmtg9A imgg&ts ar« sms&%tv@2^ giotropio and 
Bt&tt foodiof h houTB aCtMT ^lergttao*. 
ibe hoppers uadsrgo ^ix aotiXts t)eloro tt^y r®mh %h& ttd»lt 
t^aipi* JA addlUonal sKiult siajr TGs:@l3t ^ a&a^ rvod ia (bt i^om^Me 
0£i3.y* Stie iiit@r»diat« iaooXt i t not ii^liid«d la tliis count* 
%tm dur@Jkioa of tlio iaet^t m^ la tti9 tvo mx^B se ii»li as 
ftsaoag tho iodividaals ol th« taao i«x (XniiXo^ V). 
It i s ai.ro evideat ivea fabl«.v that ttoo doratioa of 
Urstf focoftd aM third irieters iff fligtstljf Xoigor la tlio IcoaXoe 
tlaan the maloft, wiaiXo la tbe iourth aod llftli lr)itor« I t It %im 
otbor nay ro i^M. ilio diliei^oot It ^ulto j^roalfisat la ttio 190% 
oj^bia duroticm tibero i^moXm talsoe 11,00 j . 0»20 days w^dlo tb« 
maXo rot|tAlro8 S«SO j^ 0*17 d@y£ to iioci^ io U» adiilt* 
fiat boi^ pert fftop loodlf^ about % bm»M lioforo ther 
umlergo sioiiXtlae aad boco@« oxtro!^ !^ ^^  ta^glsli* tim Isriglit 
gro^ co^ Aur gott lodad iibleb £s@^  :^ d^ to tho I'ormatliMi of aov 
ctiitielo m i^d^ rifioatli tbo old OSIQ« It t&me Umm. 15 alisuto£ to 
cast off the old outlcle* It hoM aXro beoa oi»terirod tbst ^t^er 
ports liliii and fui£ioiof^ £|>ooe are ^ t « l£!^ ^3rtaat l^iotore 
rpoclalljr lor tbe floal lawAlti wboreat the leek of tbetet roimlte 
l£i ttie doioarmit^ t ip^claUjr of vUiee. 
7b6 tmieJu& taoppmrB a?e sllgbtljr Xfargor la ti^e thaa tbe 
male tepperi* Stie avorega total aju^bal airatloa la saala i t 
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3PmQ0 J 0.39 deye viiilo ta *eaale I t ie ^UOQ j 0*^ dayf 
( a ) 'Joscrli-tioa of i-Oi>i.0r«iri£;tQrei 
ii^e dercription of a i r ie ren t l^t@£ f if given l^ eOovt 
i i r r t l"i£tap -Jow^^ eri 
wur& ai'tef tbe iatai%„)edi&te ooiUt tl)« hopi,v0r i s called 
«hau! '^4.ng«« I t i s gr^ een i a colour yitls a r tout coolccil bi^ aid 
liaviag U-'Q a"yorag© iiidtb 0.12 en ia both :,iale aiid fetride. A 
liroadl "((^ '^ ita idi..ud ru;if i'ro::.i the bB-m of t te o ^ e to tii© metanotum 
alarig the laid-dortai li.ie* Xtjo clott^ ed pi|^.iioatcxi li- i^eE rua aliaort 
paraixol to oacb ot::«r aloag tiie ^-idec of tii© ikxM till the l0«t 
at)da^i:jai fet:.':^nt, .liraai© hairc ai-e iTGceat on tii© cerc i and 
eXfo a rov oi t^airc i0 <^ ruc®At eloiig U^ ct M ^ v e a t r a l li:ie« £be 
Uairc iara liUficbcE aa ristiif fffvciJtti ariti eighth aaooaiiisl 
ftorrii iet , .Jotb ..i?.i.e aiid la-ifile bOi^ iQiT. sr© Q,7 cm ioag. 'i'h© 
a:itei-ia ir f i i i i o r% CO^V^^Q^ of 1.s rei:.ao.i.iiE both i a oal© cuid 
icici.© aod -aeeeyrce v«1§> ao in i.@digtb» im &G0ai foe-aeat ie 
barrel f^ .-j0i.>o4 ttfici tlue cetoad i s faaiier t.iia:i tia© i i r r t but tl'i© 
third ie ar ^m'gQ as or ©vea larger ivmn th© l i r c t and K'i>;-:j©t^ bat 
=. o:ii.cai in fui^e, ttio laseioiiig ar© of sii^i&rsa fh£is..«» *rH) 
•itirKiioicft ar© oi D<3r&ivorouf tj,® wi^b acat# aj/icee, 
11J® I'or® a'idi rsiddle-XeiiS ai"-© r aa i l ' ^ th alaelilrh broya 
pii.-;.ien^6d fpotf, itj© hind»i>i'ir of llifeJ' i f Ft*Oi4t» ilindi—iSE^II* i O 
JS 
G«30 oa loog 0«C|» ca ^iOe and vont.rall3r Hattonod* lUnd tiM& i s 
long s^ id veatraXXy i lat teoed b o ^ M tb« sslddlo iiith t/^m rovt of 
brovti' tipp4^ aplmO^f'y ono on oitb^r fide of t,tm tmpmidM fwrovt 
uQCh rou iWkB 10 cpinyl@£<« Xorti £^e tiiro© o^JLdt@Sy tiio iorolrial 
jo int l£ provided Mitb a pair of eXmm &M s^iUfin pad* 
hA.m p^s are not Oictlnot In isotb m&lm and Smkolm 
(i-'iet© 7 a ??, i l g , 1)« il-je a'otk>a©a lis a laot t cyllnid^'lcal* ^1% 
€-l©if@ath terguGi and fi^2*a»aaal plaLo ai'O iuead i!ito on@ pio te 
-i/itb t^o e-isll cercl a:i tb© rldoe. 'ihcre m-© tlio a^ ®iida4i;o6 of 
tfs4s wi.©veath as>tioail:iaI '"€j£i.iont» ifco pofti:rior aisrgiaf ol tfeo £M3-
tl&fiital p le te In iaai# ar© ?'eiaioiro«isi"ly laotcliod yi th coaoretoly 
pol:itoa dobar covoying litie o&£© oi" paareproctis (jej.a&e 9, ^Ig* 1)# 
la roaai© til© iQfwer ovl^^jritor vsl"vos as'e r0pn3r©.it©d by 
;iari*ow traarvexe© ioidc fe^^arated 13^  a iiruur© at tb® bar© ©f 
i%>i.wT oviporitor vaiTtE* itie- ;j^-^i->©3P ovlporitor vex^oc ei'o rljoi'ty 
bi'oadiy triaiJgaiaP, acute mA Rc^^ax-ated Dy a \-ebLij,;ed notch eM 
&3{'tead i^to t ^ aiddl® of paraprocte (f la to 9f - i^g* ?)• 
r#i..O£Tkci Xnr^ar laapperj 
Jbe roco.id i a r t a r hoiipui-e r©f«abie the Cirrt i a t t » 
bop|K, rf? ifi gorj©r&a a^^^eas'acioe oa w^'Xl QB 1^ coloofi '^ce^Jt ti^;:it 
um toroad white &a:id b©<.:csa@t more i.^ 'o a^lf^  :it wtiils %h% pigae-at<jdl 
rpots on th« £ront 5*©ec^ i© io r s proaiaaat. 
% 
tt3&y &r@ loTidr in Bim^ 'ifm m&le h&^i/^f i s ci«9 en a^ oog 
iHiilA the lesaale i i rliglitljr larger aM ^eesm^^e 0*$$ ca in 
l®figtb» 'Xtm «atei»A ootaprieee of 1$«.C0g;^iiti aad a«8etiftto 0»at ea 
long in ^k» v^rem in ^mt&l& i t i s ^t^aepi^ated and 0*19 «^ 2»sig* 
th9 b3«4 widtb in both oale ie^aalo i t 0«15 ea« xho bind i^atir 
isdfiisyres o»Ml ota Xoag arul 0*1 ea ^<le in mals^ wkil« i t i s 0^5 ^i 
long and 0* 1 em idlil@ in fe^2al«« ibd ^ing^^ds ar« rudimentirjrt 
l>otb in sales as v«ll ae in r@malee i^l&tm 7 ^ 8 * ^^^* 2)* 
In fiale tbe posterior margins of tim miJb»mi^%&k pl&t« apr<i 
BlXQtitl^ cc»nc«'?:ve, axt«:'idiflg ^pto tlie s^MXe of .vorai^rocie 
(Plato 9, ^t$» a)* la f@ anle ibe lo^or o^po^itor valv@0 aro 
brondly trieaguliki' md s@^@rat«d l^ r n ?*f'i3^od n&tcli* 3!tie u^ <p#r 
ovipositor ir&l<9«£ ere lonc^r md ®0ut«f @3ct@:idiag be^ 't^ rid the 
sULddlA of tim ^ar<sproets (Plata 9, Wig, ^U 
Ttiird X.'ietar liop^sr} 
' '-'^fMMMMMHMNMMH 
^ » tbird inrtar iioppar res^atalat ilia aacosid im^tar )iQ|)p£ir 
in gdieral appearenoa ae ^mlX as in colour bist i t i s larger in 
eisa. I t i t 1*2 cm long in £i@la m^ 1«2$ on in f@i:iala« MBA 
nidtb in mala if 0*1u <3a tfliila in i'emala i t ie 0*17 ®B* Ttm bmeSL 
tagaent of tise aat^ina hem^B pigae.'ited ii>otB« I t i s 0,3$ a& long 
and 17 ragjioatad ia nala wbila in I'amsila i t i t Q,S$ tm Imig and 
1iH>£0i^ntad« 
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i n aal@ ^a iu roe &«55 <^ ^ " ^ ^-''^  0*1 csi t^ide, wisile in f^tale i t 
i t Qm^ &m long 0*12 ca i«id@« 
In :3ale ttm poetorior margin oi' tr^ rui9i.g#:iitQl plate 
b^iM:mn aliaot't s traight to sligt^tly coav@3 (ila&d 9f li^» 3)* 
in i:©;:ial© the oVjLgotttot vali?@f do not ^t©:ia beyond the 
paroprocts* il'ie Icnier ovipontor valvtig <lo not roach tiie up^&t 
ovi|>oEitor valvec (i'lat© % l i g . 9) , 
lourth inetar j^iiperj 
iii«r m&lGS ol f i r s t end cf-dcond i^irtsire ean b« differentia-
tea i'TfM Um imi^&t ol %te Besm ImttXB ofUj on the 'tm£%B of 
oxlinrriai t;Q.iitali©» tiim :a.r:l© insstsar Japppcsr aftsr th© second 
i r i r t ^ ean be differentimted on tb© bssie- of raa l ler sis© along 
^#itli tl:% genitnlie* 
A lie eoloyr of fourth inctor bopper i s normalljr green imt 
rose t i sor i t if t^-o«i« HLI© siieaeuree on an average i.U- ea long 
MiAXo ie.^al© i r 1.lf9 csa long, mad widtl? in &otb aale ana fecial© 
ic C.2 oa. ib© antonrm i r f i l l i 'ora . I t i s 0.37 oa lone a;id '^1 
togi3©nt©d in iscuie wliile i t if 0,32 ca long and 20 eegiaented in 
i'saD^^'. *b© l-iind-ioaur in uale aeer-oreo 0«?a ca long and 0,12 ca 
uide, '#l^r©as in feaai© i t i r w.75 CQ long a:id 0.15 ca ^ d e * 
d^L e^i-bu^ e ar© aov© ^ronowieed but tb© w^lentation i r yet to be 
tosapleted i:i ^%h .v,£ai© and feiaal© (l-lst® 7 r^ «>, iig« h)^ 
5^  
In maL@ th% potl^riov margin of tbs rub-ge^iltal pl&t« l e 
rimrply eonves and <KXtondi D«^ad t t^ mi<MX« of the p^iToproete 
(Plato 9, i l g , U). In locale tb« Imr&f oniporitor Tslvet cover 
th© bai-e of t!^ Ui^ pcr ovl|)Ofltor valvoe (Flete 9, lig» 10)« 
X^lftb Inetsr i?oi>p«rt 
Iti& .iftts i a r t a r hoi>^ >er I0 mucb lar^,;r in flee end t^siticb 
^&@fi i.i colour with a very protsinent ^ o « ^ viilte l^ and along the 
ai4»dorf£a. l ino ^larting froQ the base of the eyes to tlie IsMt 
ti'K»rskcic terguKu 
a&le i s 1*t» c-ffl long ubile iCKnale i r a»00 ca lofig \fith the 
becid wldthjiii 0,19 cm and G*21 cia roepactively, its© length of 
anten:m doer $iot vary in r^^slQ end female estcc^t tbe nudiiiier of 
r©g.«&at£ .^ I t is: 0,^ ca long, Z^^&^Mat&d i n mt^ lo and 22.i^ e£3cMi» 
ted in l^aale, >IL.%*|>^^ are c^iexiwod and extend ^pt^ tlie bmie 
Oi. ttj© set'ond ei>*^cd:iA Ja^jaant In atjias (i ' late 7 | l i g , 5)« 'Xii© 
devolopim-nt of ^i:ig pads i t fai^t«^r in ^eoal© and exte:^ u^to the 
.>&re of tt'ie Uaird addc^ilaal r epen t (Plate <*« i<ig, 5 )• Tfm hind* 
ie^^ur i r 0,9 c^ long in mole wbll@ i t it ' 1,09 c^ long in iemB2Sm 
Xbe eutu^enitel plate in laale £»ucoao£ infUndlbulifora and 
©sterkic be^o.id the parajpx'octc (pAate 9» l i g , 5)« !« feaale t t ^ 
lo^ r^er £2nd uppciT ovipofitor valver aswead be -^ond tise peri^}ro€!tr> 
(Plate 9f iig* 11 ^ 
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tutb Xnetsr Bopferi 
ttm ii^9«rfi in iiile ^tsge ))@oo&ie wldtieb green and elsiort 
at X«rg« ee ibe «<!&i3.tr0« ibe mXa i s 2« 15 em loogt vtiHe Itoale 
le 2«U. ca Xoog* f he ^dtfeii of be^ la aals acid I'o^ &l^  i t 0,22 oa 
moA 0wJ5 OS ret^peotively. £ ^ a&i4il>l@e are of berbivoroitt t^ jpe 
t)iiti iipioef of asA^Uee do aot rei^aia a£ osute &i in eerly lui^tsr 
hoi|>i^i^ 1139 fuiteaoe laoanuree 0,7 ^ ia leogth GM ^  m&mnt^ 
in l>o%li ti6X» and fe^ eXa* 
'yi,i^pea8 Imte furtl^r developed and ia ssiO f^ there mtmiA 
u^to the fmartb eUdoalaal regmufsl ( l lete 7^  lig* «»), vteUe in 
leisile tbeir extend upto the imee of tbe flftb ebdo^ UL.iel fegi^eat 
(Klate R , fig* <»)• 
ihe ittlw^.iltai plate in mi» re^ e^inc ini^indlisiail^^m m& 
eatteMs further ^ymA Uie parii^rocts (pajite 9, Fig* d)« m 
feiaalei %}^  lotifsr and ii£i>&r oYiporitor TaXinee exteM be^ i^ad ttm 
parfiB r^oote and ttie lipa tmomo chiUniaed (Plate 9t ^^^ 1^ )« 
iM'^ ii ir tbe Xa^ t nj^bal £'&age« 'i^ ^ hoi^ e^re ^ t t iiefore ramiltini; 
itfi^ ieeiiBg and rett on tbe ^ig« After smm tiise tne/ ba^in 
thg r^ K b^iaic (!onir@etion and eatp^jaion of the anterior re l^An of 
tbe d^jT* Its head XB aoved lorifard and bsckiferd* f^ pronoi%sii 
movm apwirdfi aiid a&imvarda W tlie oontraction of oervleal asi^ulla 
and the eatlole ie ntptored along the mld>cloraal line above tlw 
pronoium* fhl# s i l t i'yrt^r l»c:''«a£et froei tbe i«stigi\iEt tj^to 
t ^ ^ng»pad8, Gradually the Inteet creepi emt of tbe old cutiele* 
#0 
fbd bead ©M tborsff &mre» ^<^ tim salt , 3:iid old <mtiel« Is 
afid protru^ fro@ %\m Sftiie* fh« i lret tuo pair ot logs ar* 
arann out aad tb« hKid pair of legs i t Orawn out aftorvarda* 
^tm nenly «ai@rgad adult i« eallad tba *'i>l«%ling% Durlsig ilia 
ao^idf y the ii}f^ «et iiecti^ E laraathiag at a wacto f mator rata so ae 
to maintidn Uia rbytliaiie eositraatioa aM axpaatioft of itii l90<ljr« 
j^£t al'ter tha ^aarga i^ea, the lora^ninga ara ©xpandad partial^ 
&M %tm hio^wlage ara lolilad lllsa a fan, Aftor 20 to 2$ miautot 
tba fore«»«iiiie get fully cscpsuidod* rbo lil^d»^ags ara bjraUna 
G-tid ara a l ^ ftratched aftar o ::'.erg©nce aM tbw elonlj? i'oldad 
back to t ^ aa^ porition* fba inr@ot aov rests for a v!:illa md 
Umn. t tarts fa&4int. 
^a 
v&Xvee extv-f^Uiig im^ti& the par^roet&l 
aatesmafi at l®mt a< t^«gLi@ated« ••• 5 
iliae«liu4£ ttmc^^^ mX^otxx,^ vcav«s do ii£>t 
tmti&iJA be^oa the i>&r«|>ro€te| anienmui a t 
the oost 20»£egmdat^U 
• • • 
• • • 
2) Um^t ©vljpoi-Uor vaiv«f» reaching tli« t^ i^ 'eJP 
ovipofitor vsuveci ontm^tum t;>«a0»eegf3«^nt9d« 
jjOfn^ r avliJoUior valve.? do .-lot ri^aeb tliB 
3} Lower QVigaciUjr vulv»ts ?«spr#t©aWd by oar row 
oTiporitor "i/alv&e rbar t , mosM^ tria:i4aClajr| 
Sbcut#| s:<%ia''at^ ay a V«-flii^ pc»(l notch^ @2t«^ 
u^ t^o ih<@ ai^iai^ or pari^roctfi{ entoaaa® 
uaimt ovipositar i^aLi^s lsraad:ijr tr iangulari 
separated l>y a \'-el-mi>asi aotcb| i^p©r oiripos, 
ior val-^ar XoiiieTy acutOi axterid oeyofid v ^ {aiddl^ of |jari|»xt>cte{ aa^a£Lia« '^eagr.iattted 
i id^poai* 
• • • 
20d irittar 
Uj ij:i^i&w oiflpoBitoa.* valvar covsriag tlia baa® of 
'tb6 uppar 0VJL|)0Mt*o3* vuivei^f antafi.'iafi 
ao-ie^afitad, , « , iftii i : istar 
ioif^ir o i ^ o r i t o r i;^v@0 do n&t co^ar tiie ^Hira 
of j^)©!* 0Vl|iorltor voivafij aritaariaa 
%-aag3i©iA9d, .» • 3rd irac t^ia* 
5) magt !jot fiiily daii^lopadi outer aarglne of 
ovjy^&ritor valval not rarrata$ a^ i^tariiiaa 
ys.:ig« I'uil^ oevaJjO^Mf outer ^aargiaE of 
ovij^oritor valvae te^ratai aa&aanaa 
2 ^ tag]iia.at«d* * • • AcMlt 
^3 
|») yloi^peds ^t^adintg u.|»to ib@ bart of th i rd 
al^ao^liial to i i^a t t mitmamm 2^£ei^.^<gatod* , ,« 5t^ tim%^ 
•^i\^p&^» mt9:iM,m ttato ti)o h&m of f i f th 
aMo^^daal iogsji^:it| aotoiiiiao 2^Eeg^@niod« ««• & ^ i r u r t ^ 
3, imumni^^ "^MMIMM ^^^ ^iM:^i uBFrn^m iMkikU o^ •mm 
imi—f I'wiiw mmmimmif->'Mm»mmtimt\mmiK mm 
mQLQQICiih lil^iJa*tf t 
MtMNMMH^HMOMNlhHMI 
( i ) sri 'ect of food |?l6at« oa tlio vsriou© tSeveiopmental etagee 
_ . . ^ . _ _ „ _ _ . . . , — ^ ^ .^ ^ .^^ ^ _^^ ..^ , . • . .„^ .__^— ^—TmiMff-TF I i—ifiriiiiii III III [iiiMiiwiiiiujjiii I g l u m I • •• 
Alio iolXQ>y±ag ot»t€jyirLtioii6 were obttiiried te^m tfae 
h%hf $th md ©th sot oi' ^p^r i - jents , ai© resu i t r of wiiicto 
oro liscludsd in X&blo.VI, i/ig, 3« 
I t i s oxearly oTidont tiiat tho pr@f«x'one« of food 
ch&a^B m tbe dovelopm^nt adva^oe, The early inctar 
iiopp^s (i«o« l e t to 37d;' ebov a max^^d preloronoe t o ifo^de 
ov©r Ui& eereai. csropr with ai bif Js a mixvi,y&l p^roentag© m 
Slf.GO oa Cyaodoa il^otyli^, xhe i^rai'ereric© for the cer@al 
crope l:isimm@M gra«l^aiiy ac the dovslop^aat adva;ic«r 
«x<:^t J , tyiaboidOMi wiioro i t r<^aias T©J^ lov. A'^Jig a l l 
til© food pissits t©Etod J . ai©3rarjdriawgi wa« the oaly otm 
' »i B iiimiimiiiiii ..no n nim " 
wi^eh failed to e t t faot the a t t^at ioa of Eoy developei©.ital 
t tage, j ; ^ typhoideyas ie h#tter then th© preirioutly racjitioaod 
plaatf as^ i a f@v adv.-.4.%*ed aevelop^itiatal rtagea did oommm 
I s typhoideua» Tim preferential ifeiue lor the c^^^eai 
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crop© i r dis?©ctly i.TOi-«rtiorial to the d^'^Iopaent nb^r* et i t i« 
^v^t tbe rmy/L^rm for wD d^s «EC6^ .>ti:-'ig cym^n dact/loA vliicli Isat 
fair iy ttaoXd preier^atiaX vali^ tiiroygl^^ut* 2foe a^l3c«cL diet of 
J» JESHSN SJ. ^ ^ ^ y ^ ^ ®*^  ^ ca3.ontM ije ^ghiy puti 'err^ by tl3« 
if €i3chibit«<i l>y ^ 'oli grmB bop^^t aaci arra^igod in &»mi&a^ing 
ordert iiixoii diet of a. gatJT&t c* daeti-ajoii m-td «• coXgat^i 
0, satitrfts €» daiQi^ 'ioat '^ '* SMagtimmt hm ^ ^l^tm^t H. ooi^^r^t e&t 
i r m% :iibbi@d at aiU* 
:-1or@ or l ^ r tho saoo o^ 'dcir of s^ri^ iererioo i t ostUoitod by 
tho late ia^tar (titb, ^tb a otli; liopr^rc* fimi-o tii^ro ia & idnd 
of r@T0r£&l obr-@nrdd in t^e ^'r^iorontiai values of tbe esirly i.*i£tar 
(l0tt 2nd and 3t^) bopi/ert, tli© ibHoirij-ig arra.'igeia«»jt if rboi«i, 
Xbo BilK®d diiit of u, satiVRt r . aoetyioft and h^ cploaiM if 
prei'errod tfce E3of t sad :io3Et ia dote@::'sdifli card^re er«t C» d«i;tyloQj 
MA CQ£i^ >reteai i^. oolmuMt r . m^Ttio©li.atat 0# Cfctiv^i | , a®itivtm 
aad ?;:• aeys wlaor© iv ijglaoidoim aad ±m OAoataiKlPiaaa wsir hardly 
oi billed* 
talil«-\'II iiftd iig« h ro^aali' that tb® s'urviYal of the ri^ rapisal 
inrtcrs if ai footed ^ vbe l*ood pl«^ *it«« iti® ©arl^ - i^iftar ( l^ t , a ^ 
aad 3rd; hop,i,-eri rijow a lo¥ i5unfi"val oa tlj© ^ r o e l erq.sr @f e^sparod 
ifith ibe ifOi^ dSi tmhxig as low ai^  ^ ^^ cr o^it on j ^ tyi^boidoiia ai^ as^  
tai^h ar 9lf pel' ciKit oa £• aaotyloiu 'i^m lato i:.iftar ('.*th, ^tii «§ i»tti) 
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coiapiii'Qfi ^ i^tt"i the &^l^ t)o-^i,Mt ia t tai 'S iJitt i a a i l t^mm rarflYsl in 
':.j£CKlm'uiii on th# miJS&a dl@t of Q« ratiVft. C« dactylgn and s» ao3LQm«a» 
I t I t air© tvidSEit Iroa Taai©»VlI t h t t the t o t a i nya^jbai 
food pla:itc. ii'iiro Is o&c©rv#d an l.w©ri!« «fi«iOt CKI tim n^'i^lmX 
<:ka'atloa io; a i^X)rdsuii.« to tbe prei^^entiaX T&^U« of tim f<x»d pXmt* 
iii© duratioii i t ao:ige£t i#©.^,59»00 j - l.fl?' aays for aalos ©M 
o7»20 j ^ 1.a2 d©yf for fc,:i4aoe \/tiea foti oa th« X#6fit preferred 
p l m t l » c r,> t^ i>lioi<3jBm» w-lissreaJS i t is- J'borteet i»e«^ 37»?*0 j ^ 0»3?^  
dayf ior mfiios a.iid ^0.1 ^ Q^hp. ^^t for i'e.i£il©e ii/li«n l©d oa tb© 
tiilstod ai©t vJiiefci iE tfee a©rt pr©fes*ir®«l food. 
I t if cieai'l-y eiri<i®at fr«a l-ig, $ that to© «liffaf©nc« 
Ueiweoa th© totiil A '^s^ iicO. a-o-ratloa/ of scil«£ aM fQ83ai©£: ie i n o r ^ a s ^ 
ii?riaro»0ver tij© food i£ of low i^roiur^atial va-kj© aa^ viG«»v©re«. 
•,|se;i t t e bop ,^.'sr£ m'@ roar oil oa Um at^ siod diet i^ iriieh bae folgftort 
i;r@iore:itiaI Yaiu®, t l ^ aiiforeno© itoted botwooa sto© tot®^ ia;^^bsil 
dai:-atioaf' oi ^i^im ty& ecasat i e 2^^ ao f^E, yhieb i t iiK^resased to P^*2 
dsyC' tfl'»sa tb© food is. jr. t^plsoi.^oig y^lil^ .;h if/^roferr@d ^SL,3jiai&t^ 
Itio re ru i t r ijneXudtd i a TaiAlo.VlI ai '^O rot^ai a rigrjifleant 
advorsa offoot oa tbs to ta l a^npi^al tluratioa a^^.'i^ ..^ luaf arid fe^sf^aa 
ro£^v©ctiv©iy, tba iass! ^-reforrtjci foo4 ijlaiit© racuat i a tli® ei^fstli* 
aaat proloiig&tioa Ufc^ to 21»2 da^® i a saieE aad 27*1 ds^t i a ia^mlafi 
«»i 
(Mti«a mit&d diet i s coiapared 'Atb h^ %^h&ldfmU 'xhe ©ifeot 
Bmtnm to bo a^oi^ © pronou:;iciid mmm IksisaeB ttitm Xa ^al«is* 
%tB eiieat of ib-od plaritt on tl^e siat:uratioa i-^ cp^ iody 
focumlitrt ei>c turviTal a^ id longlvitjr of tl3o acluXtr i c evidofit 
iirom f aiJlo-VIlI. 
Itio aatur&fciofi period oJf 0* volo3c ii: rlsortaet i ,0 , ,5 ,O 4 0»3li. 
da^T liHUon r@arad oa tbo- :alxod diet vbicl) i t '^r tl3e lii,^tmrt prof^oiw 
t i a l vsJUi© and losigest !.©• -13»3 ^j. 0.f*0 daye oa ^ tj^ gfaolclotM ha:^ *iag 
who lowert prefereatlai Vi:a.ia«« lb© l©rr pr©forred food adToreol^ 
affect© th® aatoratiaa a^ noil i* tl)o iecuiiOit^ wbaro, th© lofiMr 
i^ i^roiorigod wbiio» l a t t e r ie r@du©©d« 'iho aseii»iia siyi-ai)ejp of oggi 
are -jroduccd ^loa led oa tbe aijcod tiiet !•«« ^0»7 j - 0,f*** wliicb i s 
£!ig:iificaaUy redocod to 13*30 j . 1,39 oa tij© ioa t t pr®forr©d food 
^•®* i!i Jl£!^i^S2?* "'•^ *' ^^ ^^ cloara^ ©vidoafc tHat eliortest 
iaatoi'atioa ,.eriod >^itb liit^test au^cir of «fe,.,e Xeid i s oorerfod i a 
caeo of sio^t ^..roi'^rod I'ood pXaat yli@ro!i£ Jjon^mt iaaturatiim period 
witli loaet auis^^r of egge l a id i s oi»£'<ir-fod i a c&so of JL»m% 
yroiorrod food plieit* 
kn ua^ir®iorred food giant ctumB a rwiociioa i a &lie auysabor 
of OEi:.;© la id eit eecti ovx^o^ltioa ai-oi^ *ds.li a cleo.i'o&so i a %t^ t o t a l 
@bg prod«4ctioa daring tb® eritird reproductive l i i o of the Ijaaulo l>i^ 
tttero It fiigijt eifoct oa tlso raisaiMjr of ogg^pods d^orxted by a 
io,iale ttaioEJ tb© Airoi©ro:itial v&hm i r draeiiealiy low as l a 
care of F. typlioidoia* 
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tim ^odm.%ixin of %tm \lml9 egge If a l to •ffected by tin 
food plariti* i\« hi£b a ruririv&l .^rcuiiag* aa %•$ ii^ obi«irT9<l 
a:M>fig the ds^ B la id »y th« imual9» yhXch ii«r« retired oa ttsm isott 
preforrad food and ae low &£' 3»»0C .^cr ceat s^ong th« ©ggt I E M 
bjr ti'io fotaiil^r f«il on tos l9&s% pTBim^imd food plant . Tim 
v iab i l i ty of ©i£« If deterainad iadl rect iy by tb© i;«Po©ntf>g« 
of batehlrig (Fig, «»)« 
I t IB revealed iron Tft:>l»»VIXI thnt the longevity of both 
-itilet a-id feajiilet if of footed eigaifiCJ:ntiy by. the food i;ltfitr, 
I'rm leee preferred lood hat an adverse ef leet oa the lonsevity as 
i t i r iiv.:r®afod« ii-Je ..rolongatioa in the longed'!ty fjposj a ao t t 
preferred to a leaet preierred food plaat i i ai^  such ae o*2 daya 
in !^a.i8F atid i3*,1 d&yt in i"eaaj4>s» iMs e f ie t t i a ierjnt of 
prolongation i r nore ^TQti»mmed in £mmj.me as covn,^ -£r«id with- tbe 
-iaiec. liiO ioaEie£ rurvive *or a lortg^r period tbaa tiae .'MJjstB 
even vima the food if aa uoareferred ooe* 
I>i.* f^rontial reiection ay 0. veiox reb, i r «©il aeri^d and 
tt;e aai«er in »^hieh ilri© lood ..lantf are eeiectwd ie obrerved* Ilia 
tattede c^ :-id saatericlf i#©re sLmiiar to the proviout ter te on the 
food e^loctio.i mc9pt tu&% QOI^ 10 adult gr&is hopp&TB i#ere plmed 
Xn tkt^ sa.-:« ^  ccige* limB& gra& r^ iiopperi w^re starved lor about iP 
iioura befor«» tifie obaiarv&tioii were tiade* ^ater, tjovever, woe 
provided a t a i l tiim^ in petridirb#0 witb foatol cotton j^ads* ir^e 
t%fo pla.it« rel@ot6d lor tbe t e s t i#ere (of k:k>wa ^j'-^fersatial v&JLue) 
i j ; ty|?^^ideaa arid £ j dact^lon. 
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FIG, 6 EFFECT OF FOOD PLANTS ON THE FtCUNDITY AND SURVIVAL 
OF THE EGGS 
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3^e gr^rbopfe^fure vord uf:''aaU.y located on Itm rtd&t oi ttMl 
ca£.o at the beginning oS %km toet* .J^n tb© pl&itr- %rore pXacedf 
t l ^ graeebopp^re 'o&g&n to crceifl tlai^ tbe rldec! arid ^ix^ed touiOi'de 
t!ie pla;ite» Appro^ia'j&toly tuo :aldput^ £ parsed beiafd t^ i® U r i ^ 
gi's^siJoppar :^aad« eontoct uiUs a food plant , or lglaai Go'^tuite 
ifore aado ae I'r^qy^ritly with ttsa u^iprefarred af ¥i tb the prol'errod 
pXarit (Xaale»IX)* JUT a i^rarebopper cii:!}e In eo;-it^t with the 
preferred food C^ dactylfa I t i.ivariaiOy etartad to f«©d, /^ft^r 
oo'ai.acition of fe..dinii i t urttai.l>' cra;»lad» ai««y irom the pl@»t a^ id 
Up o;ie of itt9 sides of tiia ci;^c» 
A dlifer©at reeponr© nat ol*F0f%'«d wfjon a graC8hoi.i.«r esa© 
iri contact w i t b ^ typiiQldavga, i t mcuiipuiated iba ioairofi iiltb I t s 
raaxlliary palpi ta tlie ^osm aa-mos* as vas dofi» for £jj dai^tyloii, 
tl'jea i t Mt tl'ie loal' 'tmt uf^ually did not im4» 1% mt'v&d a^iout 
Urn laaf ^oritini^ I t? palpi and taidLng a Mia bora md there a^ id 
llsially jyii|}ed off* AguXa i t took a Jysip aM i t t ^ i a d that 
as^psBCe/itiy by cbarif.;* made contact tiitb the adaaeoat £j| deictyloa^ 
o:i yf^ich i t fi^ mlu^^ ra t t lad a^ id etortad l^Oi^ii* 
4^uri.ig %bo procaJ g ©f faeding, afi iiprigtst poMtioa alon^g tla© 
@dg© of tb© i a t f bi-Qda wat iaalrjtfti:j^ end tba mergirut tf<^ © oonrukiiod 
vJjoag wXtti Urn apical half of tti© a^d»rib» xha i^^ruBfsho^iJtiT <%irtr^ 
faadiag >mrBd l»aci.w^dly towards ttm Uat&t ft'jo t i p of &ny laal* 
wtiioli t#a0 i^ i lac tM i n i t i i a i y a.'id ; a l l on t'm iluoisst of t l ^ co^ e^ 
\m^ latdroci saaa to oo coor^^ad ^y the £rai'abop;^ v>ar® oravllng on tfm 
floor, itja mindla of out laavoi ^ar aliaoft radocad to a imacHa of 
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til© l0%fer half of tb@ mid r i be , toiae tisi© & gra^f feopi^er ^oiild 
AO©d tor a rt'iort iJUa® CKi ^ t^-phoide'ua iKuor© fcranrffp^afing to 
i-j fl"gtyl4>n; i«£'ip oitaa i t l e f t the l@i%i: tetidPl© aad erai*ls4 i^ 
tlio tia© of tile CE;^ o v/itln^ut feadlr^g, 
( i i ) Dev©iopia@at of egi>e of oxja ^f ^  *®-^  •^'^  r®iatioa to differ ©at 
III I Wlllll nil 
lov©Xe of t©i^@raUire aM liu^aiaitjrt 
'ihe follo^ii^ r@rults ar t obtaiaod i)^<m 7t^ ^th t 9tb m% 
of 6a:peri:;3J3atr ciati are Imlwiod ±n *l!Bbl©E.X, KI <^ XH, 
I t ie clearly evideat froa XS;AI©«X, i'lg«'»7 t^ ^ that 
t©:%erature end iai:.Titiity tjotb bav© a prc«i0ttr4c©d elToet on tli© 
a©v©i©pr*jat aa^ tb© hatcl'iiiig of the ©gge. ii»» deireioFafc-at i f 
a££ ^ sslcjcated \4.tb a ris© in tars^i-^aturo (iodl^a^cjd by $i©cr@aE« 
i a th® im'U'Jotioa ^^eriod). At 3$*^ t; i4.th t^.'i c o a t ^ t raoietur® i t 
X^ ^horteet being %%i»Q j - 0»9^ da -^e %dtb th© higl-iaet poreeata^j© of 
©gg survival boing 91.20 _ I.09 | .w .^©sit ( i idlcated hf ^ h»tc!i)« 
'io-^ijerstia^© ijolow '35^1' yQtvati i a tl3© pr^olo-igatioa of tfa^ iacsui^^. 
t ioa i^ofiodf i t i r lofi^jest at tSi*^ ; with J*>5 contact raoi«?tuy« beiag 
»f5»**0 J- 0.< :^ dsiy®, *i'ie eii©«t of tateaidity i i not .^© markwd ae tlmt 
of teii^ioratur© u|)to 3CPc. Imt l3fc:.yoirui Umt aa iaeraajp© i a te^erai-ar® 
aalses the ©if@©t of ba.aiaity siore ^jroaiaeat, ttm proi©;i£ation 
ceured at 3$^C am to H co:it^^t imlrtum i e sior© J^igaiilctiat ttm 
%im ./JToioai atioa at ^^Q v/itb 1 -^ c©ritact moirtoreCwbaa eo!3|jar©d 
i/ith tl3a iacubcitioa ^/oriod at 30^n with 12J- contact aoittur©) 
lablo^x. 
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FIG. 7 EFFECT OF TEMPERATURE C AND 
MOISTURE ON HATCHING OF THE EGGS 
7$ 
(time um rclatioa^r^p 'mt^mea tti& t&r^^^ratore oxid ttm 
lfvsy^ii%ij&n i«rio4 i^ iavei's® i t rjsjf h& tni'&vrm^ that a r i r * i a 
ti.i^ '^ joTatLure ecc8a4M?'st©e tbti ctevajbopacj-it ot Um ©ggc (iie« 7 ) , 
I t i f al£& @Tid@{it froi3 iii% B&.m %B^1& timt the @3£yreie co:idit.io»£ 
of batoiaity !•#» C#y i?er c©at (ai;.i0^t djpy) mid ».i$ ,.€r coat (aXaoet 
'i.'QL-5|;-.©s'stai:*e aad lii,i..i*4«lity ^ t b iaa^ fecft th« furvivaX of tlie 
e£t.i^ « 'I'oo l<m or too Ldgl) a t@oixjtratui"@ j^v^ri^Gly afl'eetc t^'« 
p-©rcwat©4© oi' featcl4.ag (i-ig* 7 ) . Xtoo ^iii;b©rt percentat.© ol" 
hatclsirtg if obfes-voa at 35^C boirie 91»2^ j 1,09 s t 12,;. c^ofitaet 
as ie ture , i t i c «uro itidicatt4 tlarougb 'iml&mX tuct i^to ^^C tlie 
©ff«ct ©f teisjiditj- aloa@» o:i hatcldiig, i c not ar suicb ae iooinS e t 
U.(fe, iri^iic etlfig tlic* ac tiigb a tcjsa^ ;©ratt4r© as IfCfc eouid not b© 
lietliaZ «t 12 ..or ceai coiitaet a©ict^x# in eoapsriscm to ^ .^ or cent 
coa&act :3cjiei;-are, i i ^ ©i'i'ect of jaoifl-as!® osi imtchiag i i i:ior© 
4,.;roj:)0unc0d thant i t i£' on tlxj de^olapsent* 
fl-j© ©fi'eot or eoatoct aoistur® on Ui@ ruPTivol of ©i;eE i t 
indieatod by fabl«.Xl, iie« % I t iiay bo ialwrred that t l ^ ^fator 
al^ fors?®^ ^F ^be ©itic of j ^ y o t o i a tiio i n i t i a l rtoeoe i r r iu i ' i -
cie.1t loT tbo eoavi-otiion oi' aov0loi'.:i©rit, i'mmi&r^ i t ic not tru® 
for a l l itm ©iigi' m t^ .;©rc©'ita£© oi' hatching ic aasiatia a t 
12 per eont c;o.it©et !aDiri,ur© aiaiiitai.'iod t^irougiiout, Tbo provii^ioa 
of a:iy ooe ssoirtur© lovol lo r $ daye or 10 doye do®« not ^ifect 
t l ^ iaoubatiofi p ^ i o d ae muu^ h ^ ti)e ^^ereontaco of f^ %ts*vivaX, but 
tri«r® i i obr@rv@d a sigrsiiicaat eifoct <MQ to the d^iiitiare labels 
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{^ f 12>.v arid 25/ ) Oil Uofeh, %tm 4:Ktu&&uion period ae \mXl ae th« 
percoi-iiag© of hatcl'iiag, its© feurvivel ,,.eri„0iitac'S of «ggE l e loiiect 
at f*i ccritact liioirutr© for 5 'ioysj as praaamy tti® ©ggs ccmld aot 
jL^ jljiibo t-l'se rccraircd aj:x»ytiit of wati^r uittiia tiiie p<Qirio<it ^ ' ^ "^  
34>aeer period (10 clt^ 'E osr oior©) if iieaded, 'it5© iiicabatjboa I t 
rborteet (2<J«aO j . 0 . ^ d&yi) i/itli rdt^ f^ oFt perceataiie oi rondlval 
( ^ • 1 0 i^ o^r ceat) at 12 per cent coatact laolrture aeirit^aified 
ti'iroagbottt. isi© laoirtii., e level aboVQ or iKjioi? 12 i-^ er c@at 
i t ic tilfo eviciet.:ifc tliat the aval labi i l ty of aoi r ture , Juet 
loir tiifc i a i t i a i cracial period or tiiroa£bout, el ' iectt th© ^joitjon-. 
tec© oi if&iuctii;ig £iiiiBtl;^» .Ji0 . ij*io<i Ibr wilcla ttie egg© are 
i«©pt ia CG.itaet td.feh soiK toi-© i s iia|>artaAt l a caee of hlglmr or 
layer steictui'e 4.&v&i.t tbaa 12 ^^ er C9int# 
irom 'ia.jia«XIl i t i s ©vicseat tli©t tlie «3«v©lo|»erst i^ 
acodisrateel '«KLt.i5 a rif^o l a t©ia|>«raUire aad viccs^ Y©i*£a« llo^^'^er, 
^\m egLiE foJU. to Imtcb yhea ©2£,.<jrur@ oi' 5'0®C if riroloaised fear 
3 clayc, »irjQ-'©ae on \MQ otlfcr band wh®a Umt tt^m exporur® le ior 
1 da^' the OevelopaaritajL i.roc«ff©e get rtjUaaiai^edf roEultlag i a ih© 
redi,4Ctloa of tho Ineabatloa p^*iod# lh% ©ggE l o i U a U y ©xposed 
to 15°c i'or 5 Jiay^ a-*^  then Iricubstod at *f^ C caapieted ih« 
t^veloFaeat iri au»?0 j - O.l?'!^  d®|rr, \iliieh oa co::^jeriroa with th© 
i^-xsu^atioa period at ii.(/*i raaiatcd^iatl *v.m*ouiilKJut (•Icbi©-:.!) I s 
rigril*ica;iti^- i^roloniiedi vUfi tiie ,r©\iorse of I t - i e ol>rerir©d ^iien 
Ifjl t iei oxpocui'© of hQ^i ior 5 doj^ Irchcaged to 15®C..' =-%r© th© 
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iacubatioa p&riod i»6lng 3^*10 j - G992 days i r rii^riiilieantly 
XsXire&f^Qd af coi% e^r<34 with t l ^ inculsction ^©i^ lod at l5^t 
itm •fidot of criilUng 18 mcire proolriant i#hea 8g|;e are 
©spo£@d to 5**c for 3 dayt a^ ooai:*©red ^^itb $®C for 1 day, 
ttm liKu&atloa period haXsm 3&.20 j ^ 1.7*^  days and l^.iiO j -
1,0|» days rdt^eotivt ly, 
•'*im flviDtuatlni teapoi-aturet all'eet t ^ IsK^ub&tioii 
..-eriod (deveiopJMAtal ra i« ) aarijodly but the percentage of 
hatcbing i r reduodd IA aX-:^rt a l l inrt&icec of fluctuating 
to!i^@r6tar«G j ^ ooii^ar«d to thd oooe ob^ar^ved on thore irery 
t@a|.:9ratur@e :aaiiitain@d ttwougHout ae indientod in !i;a:>Io*X« 
liM ebort«ct irjciijaatioa p<sri©d aM bieri©et perceatage narvival 
i f oijff®rv©d M'ma myor&d a t i5**C for 5 daye, at 5%' for 1 day 
mid tu«n 35®C for ro0t of tb© psriod. I t may bo iaforred tisst 
mi e%i>amr-e to Xov tccsperaturo Xor a eli^^t period »£c«X@rQiof. 
tho dovslopoeatal r a t e , 
fbe temperature fX'ociuatiofii a l ieot %im lim^h&tloa 
l>^iod ae well as tbe ^er^atitt.o riirvival« t.h& eifoet on t ^ 
fortaer being ssiora i^ ronouiK-ed tiian tbe la t t e r* 
( i l l ) Developifeat of the bop^^ers of ^ veloat lab, under differont 
Xevelr of t®^erature and l»;ii:iiditys 
Ihii fallaying obrerTatione are obtoiaed Srcm tbe lOtfe ret 
80 
A 
aad XKf FlgB^ 9»t2. 
I t i e s v i ^ a t Irom 2a&i®-XIII tbat te^ayoraLaro aad bi^ildity 
*aoth affect the 4©^,iopacat oi raymplKi. At ti-0_^ 5/^  •^••B* (3f^i&tllr« 
b io idi ty) %h& ri^phal diUfaLion d^r^eeor ^d,%h a r i s« i n t^veratuTtt 
aaa tbe eur'viv&l raog® of t^iA^ratitfs i s aiirxio%r being ^^C to 35^C« 
Jelotr or aliove thif rmagey the n^^iit fai led to fuorviva* Xbe 
lorigest n -^mpbal clurjitioa ie ^»«20 j ^ 1«20 daj^ B for laaiee eaod 
5a»li.G * 0.92 tIayE for fe i^ a.©e at 2^%* vl^ieb i t reduced to ls.O»00 -» 
w3s> ctso^ f^ aad ii.2,10 J- Q^hz das'B i'ar tine tuo t-^ec refpectiveljr. 
I t iJiey m iarerrcici that ti«j rai-© o£ d©v©icsp.£.:a..at l i a e c e i a r a t ^ y i tb 
a r i r « In t@:%iOJ^ atw,ir0 but i t i e aoi-is proaiiieat froa 2 ^ ^ to 3CP€ than 
froia 30®c to 35»®c. xt i^ hito ciQc? that the to ta l .^y^hal i&ir@fcioa 
of i©;a4.-ie£- if ait'ectod awii'© fclaaufi thet of am^E^ af the diffoyance 
^twaan Um tvo i^ taiM.i:^ £®(i ylth a Tito ta t«^£. aratora* 
'Ite-i tBe ii.ii. ie i:KJieaE©<i 'k» 70 j 5; the mjir'^ fiviil r«iiii^ of 
touij.,©ratyr© alfo iiid'eaeos iKiiug 1(/^ C to tfC r^ rha*dai tha t a t hX&i 
buaidity ayaiphr eas wittoctsi-ni ae low or &E klgh a tei'3..eratiis« tifelcb 
ic ot tefvira fsttO. at low Jm-ddity 0*0 j^ % iU% )» Xh© rlE© in 
t©:a,>eratara resul ts i.i iii© aoeelsratioa ol" tba eavelop-i^ciatal 
i.rocarsaf. AB the iongeet aya^hca animation ($u«^0 • 1.2^ daye Ibr 
riaioE &*idw0.ao^ 1,9if days for feasies) ic obPisr"?©* at 10®e, vtiieli 
icj ractocsd to 3a»C0 j . 0»92 dayt a i^^  3^.«00^* 0,?^ days Iter aales aid 
leas ie t re£^@cti\^©ly at »fO%« I t if iMicatad by I^ig, 9 timt tbere 
i s G. liiiaar ralatioarbii^ j>a&«e®a tis© ttsia4>®ratara and t l ^ to ta l 
nz 
a^Si^UoX dm^atJLoa* ih® a^^ml &matloi% of ^%h s^ @se£ ie not 
aaiectod ti^:id,iiC'^M^ iaot^yi^a iC^c and 35**^  5ut alxji?e or b&2xm 
tl'4>s@ t©i%eratiU'0i tl:ic:ii"o i s a rigiiificc^nt clecraay^e or incro&&@ in 
tiio t o t a l nyapbal tMrstioa ree|>ociivcay. 
I t :.aay 1>0 tfiferrcwi Umt a deea^ar© In olt. r^ er «»• bot^, 
tai:^i^orature and relati^'o lm;^ 'aldLty« resul t s In Ui& proXo.-i^'tion Qt 
ti>e t o t a l njrD|>li8l duration W ali 'ectiag &tiQ rato of developiiont* 
A tJigb teaporatur© (^5%) le ualavoura^e irrerpectli?© of tbe 
birsiOlty caiiditloiis* 
An incresf€ In H.il, firos 70 j . 5J' to 90 j - 5/ did rwt B*i©ot tf-:© 
siy!3|;-hal cla^ttion of both the Bexm wltliln tb© te;.%eratiir© roiige of 
1<fr to 3CPC| but b^^nd tbte ra.ige i^pto l^ cPc I t ic e lgai i tCint ly 
imcieaf^Gd asaong n&lac aDd loroaler bott^ I t iiay alro be infen^od I'Tce 
i'lK* 9 tbat tlmtQ mUtB a cur\'9d- ralat ioorblp between tkm tosa^vOratarc 
and tm to ta l ajnaaibal dur&tion of tbe h^pe r r cKily at 90 * $f R*l*f 
wlmr&B$^ i t ie a l inear rel&tioi'J^hip a t lovsr i»jinlditi@e i«o*i 
Uij% ma 70 J % a«JU tm nymphal duretloa reeordad at 3cPr i e 
prolonged at 35**C aad aleo at 25**C, but ttj© iiiisiroa^e c.-t 35^C i r mmQ 
®i(i^i"iC£.nt than that of 25 f^;» i'*"***^  rbo^-iing a >'ronouncad afioot of 
huniidity at high t^ ap@rt;ttir@4^ <^ I^^ -'B»XIXZ>» 
I t i t also r&v&£a.€d tbroiigb Urn t&oa table tbat the s^^jli^ 
duration of smle bop^are i t £^t ftliacted niarkadly in the r^ige of 
tcPc to 3CPc» but be^nd th i t r& ige i t ie yrolo^i^ad sieiiiflcsntly* 
lihile in %tm o& e^ of i'v-m l^e boppars i t i r afiaeted above or beloir 
toe rL:ii» of 3$% to 30®C» 'Xb© rai© of 'devolopaent i r bigfoef t^ at 
3S>**t with 90 J 5/^  ^ H . i>©iag 3.1 aid a#7 ^ r taaior «id t&mi^m 
roe^octiiroljr (i l^f. 10 a 11 )• 
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tmp^rs^are m& ^miiiility suto •i ' lect the £^ u3nrlv&l ol" the 
a^i^^br a t iadicateci Ljy Iai>l«->'IV, l i s * 12* 
At lov a.ii« {^^ J 5/-') ^^*© 'i*r%aval ra^ige of tes5y?®ratiar« i s 
I'roa 25®€ to 3I$^(» JeXow or aix*v® tl:4« raiig© the AT^phr <ll©d 
duri^ig %tm ©ajfly hoa^-'oral rtages (1*3)t ^*t withia UJ1« raag# 
Ataoi^ g leis&ieE tb@ riCQ of ..©rc^satags tw^tvoX if a>ar« ©biriottf 
't3en t l» i-i.K, i r 70 j ^ $; tb« eursiiral range ol' t«i3pca?stur« 
i e alro incr#eted ^ifig td®C to »i-0®C, wri^ i*« tfem -::^&immi rurvival 
penceatae© ior ooth aal©g i.adl itoa-i««J'(70«0(¥^ aad 7§«00i-^  rerp©«» 
t ive ly ) lE oi>tBi.-i©cl at iCPc. A rir© l?i te,g^>®ratiir« iipto 3€Pc 
i.itor@iiEe tb@ percfsntag© f^urvivait wli^« ae a i'larti^r r ie« emiftt^ 
a ^ocliii© ia i..'erc©at0S«» iiair ttKir© ©rtictt n curved rel&tioa^feip 
betvensi tbe '&0t-a^ .>m'&tar® and tD© ^'urvivaX of nyn^hr« 2n go^iorol 
tin© furiri'val peft:©iit€ig© m&as I'a^ialet If gr©etor tbaa tli© ^mimi^ 
^iich i r l ^ t i i e r irscrsae©^ at rdgliost turvival t©cs,j«rat-ajre 
/it 90^- $!- K,ri» the reiatloriflsip betw©«n tba t©£^«ratyre 
©acl ForviTal of a j ^b r i r olsaort tls« cisa© at at 70 j §1 lUii« 
Imt with ail liiei'eafQd ^.erceritstio s^urviiria at ©mh i©ir©l of 
t©;:v©raiur© yiilcb i f ,iSor© oiJ^outly ro yima caaysr©4 'Jith tli© 
c o : ^ t i o a at ho J- % it.li. i r obtained st ^*^ <Sj©ing 7^«*?C^ : for 
males aad 91«^ 0^ £ ^ r tmmlm^) e ^ ^ or isoloir \^bieb i t fSeclioar^ 
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I t ;aajr b9 inferred it&m laoko^XV' that a t the mUw^m H,ii« con^l. 
tloji t i ^ rurvlTaX Xt Xarg@et a t 35^€, but th« bigliftct £»@r<^ 8iit&iQ 
(5^.00 for ^BXm Cioa o2.CC iar fei^aise) ©btfil:3oa a t J^vC j . $J a,S» 
la tiiercaeod to f^ »f^ .O and 91.20 ior aaiee and i&tmlm r©%©c» 
tamely at 90 j - §J- iu*^. 
It 1@ &lro evident th^% under hu^ -aid canditioiir tli« e«irvl<» 
val 18 ssor« m'©a lat tij® ^tr(jg;i9 t«iip«rfatur©e i*o»i IC^ G and t.'-e^€, 
( i v ) .i^fvelop.:)ent o£ adults uiidcr diri#rent lave l i of ten^T'Oratyrd md 
111 « mm iMiiimiiiiiiiiiiii I — I — — — — • « — - « » '''<<MMWwa)MaMMaMaMa>aHa«aaiMMMaM*aB«a>«Ha«M»M» iwvaiaHaaaMiiiaMiHawaMwiMwiHiMMMBt 
hOQidltyt 
Xh© foliotftofi olaferv^tioae aro obtained x"roa tb« t t t h 
j^et of e3^perl-3a.itry &be reiDult© ol t^iicb are IrKfloded l a 
Iabiee»X\', X\I, XVIl aad XVI12, l i g t . 13-17. 
I t i t ©i^idsot iroa A®al©.^ '^Vf l i g . 13 that tuai^ratutr® 
affects botiJf tfc© laaturatlon xid oTi|»aritloa ^.^riod rlgjiificari-. 
t l y at ooiparad ^^itb tine iiui^ildlty, tfmie exif t t a H^^ar 
reiat loar tiip t^ty©#a %tm «r^ Si.^ *ata**« md t ^ iaatui'stiea P®TIQ€^ 
Urn l©:%eet j©iag 13.20 j . %^ daye at l^ **?' with 1*0^ 5^^ R*!:. 
aid the eljortafft 'mXag ^^PQ j 0.^^ d®y« at Hf^ C with 90 j - ^ 
ii,li« A r i i ^ in t^iip@i'a;.ura rtiducae the 9iaturat.lo£i i^erlod* Ibm 
®ii«©t of Jju-aidity Oil ^Mturatioa I r riot eig;aiiesiit apto if-CPc 
&ut at **§% i t b©co:a@e ? IgaiJicGat, rbotfirag that a Ibigb 
i.6>:spera%ara, con nsxl oa tole^t^^bad i^ ro'Midad l»i:'&idlty' I t hlgb 
(90 J 5^ - H«li.), A n r e l a taai^tiretyir© to ^ 5 ^ ' at UO j - $f 
ead 7GJ .5J - K,ii« aii@«tB tb« matie-atloa adv&ri@ly« 
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ovipof i t i oa i.«riod md tb© teaperatur©, A lilgb tei3|^eratur« (^ '5**C) 
wiib lov l^ii^j^aity ( '^0 j ^ 5/^  il«H* ) adv&:rs@Zy •I'I'eete tbe o^iporlilofiy 
but i t occore at it,& nm.%9 t^^i^eratur® tfbtn tlie hufaidlty Ir rallied 
to 90 J- 5^- a,H« ib« G(Viporitlon period d«or@aBee yith a riE« jLi 
t©:jt;eraiu.re| thoTweet b«iag 7.20 j . 0,1i» Otsye at k^c with 90 j ^ 5;* 
iWii* atid ioager.t 'Seeing 2b«20 j> O.Ja dayc at t$**C vlth hO j . $1 n^h* 
I t I r olro clear ivo^ lai:»lo»XV that a vtm in t@^p@rfttur« IV<oii 
30®C to 35®C ai"i«cte the aaturatloa rlgalf4ca:itay tout tb« ttlT«©t 
on o-vlpofltlon I r lnrig!i4riemt* 
ir^ fecuadity ot j ^ veloat l e alt'octsd f ignif Icaatly by iaotb, 
tb© teffli:©rBtur© and bualdity. Tbe ©fleet of te'^i4^r6tur© btlag laor© 
rlgoiiiccnt tteeft tbet of b«iii(Jity (TaULo->'Vl, Tig, I**.). i"ho juyab®^ 
of 6£,g»pode aeporitod p©r fesiale if iric-rearsd ylth a Tim ia 
tef3p«r&ture itom 1$**C to 35*f; '^i«s ii«ii« ^Oj-$- (tieljig 3 . ^ 0 ^ 
0.21 to O.20 J. 0.12 r©Ei.acii^®iy), but a fwrt^^er r l i« in t«3ipa»ah« 
turo to tfO c^ all'Actii th® nundor adversely* i t iney bo inferred 
that too low or too ir^ lgb ti^^^^ratyre adversely affeote the 
mimmr ot «gg*pod£ la id p^r i'&mBlo» 
A riee in bUiaidity to 70 j $ per cent H.ii» or 90 j - 5 F ^ c®^*!» 
:-4«lf« inarearee t,h@ number of egg.pode I^d« IhXr lai^yrabla affeot 
of bitsiOlty if siore : igriii'leeat at »*?\ wiie-'e th© £&mBl^t could 
oviposit only at 90 j 5 per cent H.ii. I t if av-ideat tbat aa incr^a*. 
i'o l a bi^idity i'roii hQ j $ per ocmt to 70 j . 5 par oant aSXaete 
avmb&r of agg^pouc .^@r iaa&la aior@ el^arly than a r l r a froa 
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70 J. f, to 90 J- ft a«IL, \um l:c;ea£© Xa 6©ap©r«ttar© iroBi 3<^ C to 
l^\ at hQ J ^ B«li» dose not hav« a figniilcsint effect oa %im 
auaoer of •it^pode per faoalef &nit at hielicjr ixmUdity (70 j . 5^ or 
9& J 5^') t^ i® of feet i!« f igalf leant. ihmB e^ir te a curvod reiatlosw 
fiilp betweon U e^ teii^-^iraturo aod tim miaiaer of egg*pode par f(2:ialo« 
erimcially fo at 90 j> 5!- '^••i« 
'ibet to ta l aaa^«r of egge f^^er ieiaala (focundlty) ie affected 
l>y ttiB t-hango in t«i!i^ >«rataj?o« i t if lowest et 15^ C mad bigiseet e t 
35^C, £bgt;ln£ an incri^ace with a r i r e in t#s^>«ratur«t bat % Airther 
l;)or@a.f:e in t@^p&r&tiu'e to VCPc advc^rssly a£'f@cti tba imalx^ of eg^t 
la id by cauring a reduction* 'Xlm o l ieet of an inert©tino in tho 
Imaidity ffo3 ^0 J % to 70 j - ;^' .^I;. i s ajore fignificant in ro la t i«^ 
\iXth the to ta l noinj^r of eggr, ratbar than tiie ^^s^'o^t of ogg^podi; 
per i0i-^ile, iUgh buai'dity i s ©videritiy lavouraaio ai«i sioi'a e© at 
high tasaporatur-e l . e , l+0®C ana lf§®C, 
Tamiaratura a:id buraldlity not only alfeet the to t a l o^ipori*. 
t lonal ii:¥2iilancie£ SKit al^o tha acAoer of agg^ laid &t each ovli.Hi>rl» 
t ion. i t inereesai li^to 35®c: with 9 0 ^ 5*' w'^ i«^ the siaxiaaa ftjMlier 
of oggf (o>'.,P0 J- 1»oS} are laid* 
Ti3@poratura &.-id hnildity ^ t b a:tl@ot th^ loagavity of ti^o tuo 
f-exos of adulte (2&bie»>;\IXt iig.1^)# i t e fixrvival rang© of tea,>era» 
ture ia froa ICP to J'§*( %rhich i t greater tiian that of ny?! ,^bc. At 
1*0 J. 5^  \\%V\m tt5e I l i a ei>@n eui^denly i.'v;r©aeeP idth a r t r e in t^r^>sra* 
t-iii-e fr«»a, icfc to y^% '^o^ with a further im:raaee in teaparature 
f roa 15^: , tbe l i i e r^^an raayces. .* r^ortei t , l>eing 10.10 j ^ 1.2<^ das^i 
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FIGI2 EFFECT OF TEMP. AND HUMIDITY ON THE 
SURVIVAL OF HOPPERS 
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FIG.15 EFFECT OF TEMP. AND HUMIDITY ON LONGyTVITY 
OF THE ADULTS 
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mid ICwSO J. 1«}»2 days mi lengeet bsiog ^^5,00^ 1,2? dcgre a ^ 39«aO^ f«aS 
dtiare at IS^t, v;lch i i ftgaia r«diio«d to 2<»,00 j . 0«9? d n ^ aad ^ . 1 0 j 1«21 
days ^or mxXMt mA i%im^§ i*«cp«etlir«X/« i t i s vvidefit that a t VO j . § 
E*ll« l l i o span dacraaioi «4tb a ebaaga i n t i ^ a r a t u r a iron t5^C« 
ri^ailar pat tara i t iollovad ^voa at lilgriar ijiMiOitiae 7Q j $$ and 
90 j» ^ K»H«, except that a t anj ooa laval olT t«ai»«ratura Xll^ f|:^ aa ie 
inereas^ad at bigber feuaiOitiaB In botb tha eoxas* 
I t i» ali^o laarnt fVoBi Xabia-xviz that tii&m i s a dil^feraaee in 
iiia pa t tara foUowod iir *im tm em^e^ Am»ig tsml&te tba cbi^iga of 
tmaparatura l^ott tS^C (<leoraafa or incraa£6) oaurae reductioa i » tiNi 
l i i e 8paA« vtieraaa among faaaiat , tba pa t tem of reiluotiofi r®iciiaifii 
tba ear^ a em in mai^e i t r a i t r i c t ad to hSPc^ tm^oaA which i«a*f a t 
h^t tliO l ixa £peA i£ic^ r«i&6aa ai^ain* 
Itid dlileianca iiatvoan tba longavity of siea.ee rad^eat a t tha 
extroua aoidi t iaar of tastperatura but tba affaet oa lofigavity betve^i 
3CPc and 35^c i£ iorigtiiiieontf irraepaotiva of oi tbar t^io Btm ^» tha 
b u ^ d i t y Xaval. Itm iongtvi t / i r greataet for both rialae end laa^alee 
a t 15^ C with 90 j ^ f/ lUii. beiag l^lt«20^ 1.1^ <S©r« «od ^'-ItlO J^ 1«2e 
daje raepaotivaijr. I t i r alio avidant fron tba em& Xaala tbat ^ 
I5^c tbe salae Xi^ vad Xoagar than tha famalae whidb i t rairareod idtb a 
cbasiga in tamper at ura* 
fba fwctiral percentag@ of ^ velox if airo affactad br ta^F^ratiira 
and tba bur^ditty, iadic&tad oy la£»la.XVIIX» At 1*^0 j %% H*il« t l ^ t i irrivai 
of siolaf if aexioiisi at ^C balng Ta*^ <llg*1<»)t vb^reae of f«0saae 
h9kfi$, ^.OC^ afb 3CPc {Ug* 17)* msMm %h&m favouraia* teia^ j^ ra^  
tsxt9B f&r 3^0 t ^ s««dSt ^^ rurviiral pereentago le aff«eted 
adwraeljr with a clia^« in t«e«.«r&tur«» tlMB rboiduig a eiirved 
i:«l«&ioii0hlp bdt^ do^ i tfcta t@:^ >«ratura a£id tba r\und.vaX« Tfm 
j^<irc9fkiaia ttirflveX of t%'mi@e Xr greater tbaa tba malae ai aaeli 
Ooirtl ol' tiam^^ aratura* 
i2iraa al^  bigfaef IiUKaiditiae (70 j^ 5;^  and 90 j - 5^ -) the i©ij^ ?er»» 
t^a ^faet t^Mi^ aOirhee a cur-vad r@XaUonrl2l|> tiatvaaa tha s^ «i»rea-fit.@ga 
mii*vival a£i4 tb« tami^ aratura (llgfi* %» & 17 )t aXong ^ t h a gcaater 
parcaatafa tur'vtval et amy one laiial oS tamiaratore. It ic aXfo 
a-vldia^ it Umt at bigb iamildity (70 j^ 5/ aM $0 j^ $i li«ll» ) batwean 
25®C to 35**C tba porca itega furvlTal of saaie* aad f^ialAt if aSsiort 
aqmaXt abo^ or balow wbioli tba cuifarenaa battfaaii tba ttio iaoraaeet 
alo£% ^tb a Oaoliiia in pareetitaga ftinrliraX an i#a3J., It tbo^ tuat 
titXov «6^ C md ebov 3$ c^ famtuat rurvivad Xn a graaiar mnabar ti^ Mi 
th0 i3alaa« Xt siaj^  oa iofarrail tbat in a^&rm coriditiont &£ taipajpa-* 
titra <^ Imiiiclitjr^ ttie le^alee ara iiot aiXaotad a£ tmsb aa tiia oaXoe* 
m. i:)cr©aea ia ta% eratura ir®a 3cPc to 35®C aa4 ta Ininildity tr&m 
70 J. ^i E.II. lo Sro J. % E,ii« aoaa aot ri^iifiJSaatly il"f*©t tt» 
parcantaga turvivaL of aitbar suO e^ or i^ asMaae, Imt botb rasraa 
rurviWia graatar r^ l^^ ar mm at airtraaa eooditiont o^ t«a, «^atiira 
provided i^;3l£lity i s e l^^  liigti. 
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c. mimiQ^ oi tm mi'mM OF jg^m mwK I^ AS. m uoHff tsHi^ siuroaji 
h,mK'-mmmtmmmiimhimimmmmmmmmm<mmmmmmmmmmi^^ 
m% of mp«rx^mn%B^ 
1% It evident from ftt)al9»XX< that ttm first Inttar 
lioppore g@.ierftlljr pr©f«ir to reoaiii ifi tb* w»t iself of tbe 
ehasi^r. ttm caif forencA lictvdvii tbe tlM i|»ent in the ti«e 
rd0p@etiv» balY«£ ir smif^  at 3<fc tbait ctt 15^ C irrei|>«cti'tf« of 
tli« 1X01% iate^iiity* 
At 5QPc ttoe pr&ler^acm for th« vot half i s inorea^^ witti 
tHo rim ia light intotifity (frost 0,7 U^*U to a«1 UF.U) , 
&{| i.b« other foaad at 1$^ C tise difforeac« l>etif««{i t ^ tisMi ipofit 
ia tbo two r^ tfi'OOtivo haX^e i i oot ro umlX oiarkod* 1$^ € 
coyg^ lod vitb ^ ib liglit intimity (a«1 UF.L.) r^mixtoa in a 
roimrtal. of &h& genorai t&ruiency ^boro b^pore rc^at aoir'o tiriit 
iM %tm acjr )»alf* Fific^ e tim ^fferoaeo }3@t»9»a tbe tiiM rpeat 
in tbe tiifo rt&poctl<¥9 baXvos if; ro tdall timt an aotiial i>ofiti%« 
rev^rs^ oaotiot '&m «ti.rit3utod on %i'm hmtf^ of %tm pr&mat 
o^ <irv@tic»{i8« ihia luiaiaitj o f l ^ t if rignilloantiy iaflttonoe4 
by Uw Tim in t^aporataro, %im ^:mrcil ftotlvity (i^ppifig 
turoi^g md mmmeat of wi&djr parte) le attri£»at@d to irritmlil« 
l i t^ ^9 to tli@ umavoitfj^io codOitioii aM is sic^ o ia tlio firsr 
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hsXt tban tbe %im% half irrvepeetivt of tl3* tes^ peratuif* and tti» 
mt^ticity of i iebt| tiiAt ^%h la tbo eaeae ligbt lAtearitjr tli« 
aetiiritar is iaei*«a£9(l wltb a rif« 1» t^^eratur** rioilarljr A 
ca ,^>eri»oci of tlsit rpeat aeilv« &t t$^ C or icA; wi^ lov anA lelgb 
intfitiEity of l l ^ t i«v»&lc tti&t ttw actiirlty ir iaer@E6«d tiitii tlii 
rise la llgt3t latenfitjr* mm i t aay {>• i.if«rro4 that bo^ Xlglit 
aad tcai^ra^uie a£f«ot the eeuvity of the ilret loftar hos^ perfi, 
Coatrsrsr to It^ ie ihe levour&lale condltloa where irrlta» 
hllit^ le iecf a£Kt eoosequentljr the tiste cpent eetlire le re4uc«l 
uhlch tar&rl^W^ UOMB true In the net heXf* loFpite of m liiereaee 
In the titue %eitt aetlire <lue to a rite in te^^reture <flr light 
late:i£lty» the tlaie si^ e.it astive Is t^ore la the dry heXf %tmn In 
the vet hedf (tonXe-XZK), 
Ci^ aewhat eliaHer to thle effeet Xe the lAllueace on hopplfiSi 
vi.leh le stc^ e In the dry half than la the vet half, i> t^al ausher 
of hca^pB ax*0 Increased i^ the rlee la tei^^ature hut siore laartodly 
liicreaEed ^Ith the ^Ise la light lateiielty. It ams^ he Inferred 
%b%% the hoppliig If Ifiiliaented hy light l^iten^lty aB veil af the 
temperature but is InvarlahO^ greater In the dry half. 
Xt^ e torcilog activity (Idlnoldnetlr) Is aire lolluesieed hy 
iea^eratore* It It clearly evident that tornlfig i s sore In the 
dry half than in the net half and Is Inerea^ed tilth a rise In 
teg^eratare la hotb tjalves* Unllto oilier aetlvltleS| turning 
i e e ^ to h®re fllghtly heen In&lueneed by the light Intensity, 
It It the tea«,eratare and the humidity whleh Influence the tursHnf, 
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pi>ef@r«£)£S0 for iMit baXf tpoclall^ at bXgU t^aioratyra (3 (^ )« f ^ 
is^aa i ty o£ ULgbt aleo inlluo^as tbe prefttraooa vbara I t i t 
taas'@m9& dvan lyurtljer ^ t b a riea i a I lg^t i^ta?irit^« 
I t le iii<llAata4 l»y &aaX;r^ l.t of vsrionea (fal3la»I3a') tb&t 
tiw aifaot of t»ii^arative i t lilshljr eigaiiioaat* 
r«eofiiI Inttfor iiops^arsi 
file Boeood i . i t t^ bop^orsi l l i ^ tbe farst iztftar, taiid to 
roaaia la ttie vnt haXf Q£ t^ ctimb^t sM tbe anTfareoce trntifean 
tba tXm r-pm% In tb« tt^ r#@«>oative iiai'^ae I f olaar^r ae c^|>8red 
to tl^ a f i r e t irustuff bopyars (^abla»X}r)« 'i,^ i^ ,,@r&taira m& l lgbt 
intam^ty liotli aft«ot tbo totaX tima r|>ent in aaci> balf. f He 
proferanaa for nat baxr la greatoi^ at 3CPc a^ id 16 furtbor aniicyaead 
at blgb ilglat Isitamslty (2.1 i«r«L«}. 
^ t pralaronca iar tbo net hall' (^^ to m lm^e««a In 
tariparatura I f gr©atar thad t^mt diia to an loorsaea In aj^ Sbt 
Intaaflljr* At lov l l ^ i t Litenrliy (C47 Ul«I.») a ric^a l a ta!3$^ @r&» 
tiira resulte la a ttfHiogar {^ rafazieaoo for tiot baxf as ooi^arad to 
tisa f laUsr l.ior@aaa at high Ugbt Intanslty (a«1 ui,UU Ttm 
dli iajra i^oa iaati«a i^ ilia tl^ta ^eat l a tt»a %w> re0|aoctlv« balsas le 
graatar at 0*7 U 2 . U aM 3<fc, (»abla»XX)» 
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tho ^um ^msit &&%IV9 In ti&sh tml£ tm^emkB tb&t I t le 
ftifact^ iiy cOl t ^ ttirao tmis^ee l«e« t^3«»Qratyr«f l lgbt lateaelt^ 
and isiolilitr* iiio isetivitjr l^icreaea^ ulti} a rlisa ia t^permtura and 
l igbt l£it«.'irit7 it>otb, mxt tHi£3idlty has aa oi»porita offaaty aa tba 
ofltliritjr Ifi redocad la tba vat Isalf at i»otb th* leirole of Uglit t^^ 
ta^:<»ratura« la gaierai low taQj.^ratufa aod I09 light i a taa t i l^ 
IM^caf i.iaativitjT eao^ n^  tba otr^cmlBa aot lira bO|»{>era« Zt i t aiaa 
imiicatad W t6i3l0my.n th&t boppi»g if al'feeted ti^Hsfly ae tba 
©smroX aeti'titir amt i t i s la«:e rtiOilithad in raeond inttciTe than 
%b9 r i r t t iatt@]ft* Mi i2iercaea in bua4dity daereafad tha smrabar of 
bc^t at ti^ a Eoae lairal of ts^peratura aM tlia light ia tea^ i t / but 
a^ iacraaea in ait bar of tbo tvio lat iar touraae caurad an XSX^@BB% 
in tba bope. fifsea b^^ar activitsr i r attributed to tba vasryiiafe 
aM i r r i t a l^ l i ty dita to u:tx avourabla conditioar| i t aay be iafarmd 
that bigb ta^^aratora aM bi£b light intoati ty i^ ritb dry conditiosi 
i r Qs»r% ttol'avouraS^ for tha hoppars, 
Xba toTfiiiig aativitjr ( ainoidliiatia; i£^  alii^rt tha emm m 
la the f i r ^ inrtar } ^ ^ r s Mid i t advar^ly ai'foe tad l3!sr the r i t e 
ia £» '^3idit3r«' ai)d afiaat of taa^eratura oa turMog i t vieibla only 
at 2«1 L»l.L, irliare i t ia imcr^Eaead. i t ma^  ba infarrod that tba 
af fact of light und tasi^oratura i£ contrary to the ai'f@at of hyi^iiditj 
fbo aseare |j@rcanta£a of raaetion ra'vaalt a wall £iarkad' 
..rafarofiea for tba %>at half of th® eba^ao^* nm lacraata i a tam.^ara 
tura at 0»7 U^.i* cau^eas a stroagar raeatioa than the similar 
inara&aa at 2«1 i.,F«L« fb^ ©11 act of taa^-^aratura ie highly rigai^ 
Jiaaat aa Omwa i a i'ai»la»KlV (Mial^-fis of vari@ao&)« 
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fijlrd Imt&t boiperst 
It Is evid«at fto^ !i:aDie»)CKl that the ti^lra Inetar boppcrB 
t«£id to st^ i^mlii la %b» imt half of ttie eliamlwr but tbo lataasitgr of 
i^eferanoa 1@ altered In cosi^arlsoa to tba i^avioue tvo etagae* 
fha tju&a ^pent la tbo mtt holt It Incraa^ad altiiar at Xov tae^aratura 
i«ltb low light l.itafiflty or hlgb t«^ ^>aratara vltii blgb light l^taiw 
fdty« b^a affeet of tami>oraUtra <m tba tlaa fi^ of^  aetlva la 
altarad W tba cbaaga In llgbt Inteaeitjr (T&tila«^a}* ll»wirer« tba 
prafaraaaa for nat half la graataat at 2«1 JL«l , u witli 3cfc 
tasaparat»jjra» 
Xhe tlisa i^ a^at itctiva la affactc»l by t«% aratura f»d bii3l41» 
^ isiore than tba light Intan^lty* Xba £M3tlvlty Im roafef ^ tb a 
rlta lA taei^arature aad tba llgbt ixkimitlty bothy but an laerisasa 
lA bu£3iait3r sOmrmly aifaeta tba activity* mim% tba tlaa epant 
aetlva la laas^ In Uie wat half at 15^ C vltb 0,7 Ui\u v^tl9 It Ic 
mmiMm la tba dry balf at 3(fc and 2,1 i«l«L* llgbt lnta.ii0lty« 
X0if t^ mparature or imt llgbt Intari^ity Liducae Iftaetlvlty vbaraas 
lov buialdlty caueat &a anb&:ic^£it« a&d that Is vby tlaa apant 
aotlira la tb@ ^y ^»»^ ^^^ aliraya mora tbaa that In tba ^ t balf 
tbe hOiPlac aetitritj le lartsar la tbe tblrd lottsr bt^pore 
than tba pr^vtoue tuo etag^^i but It la affaetod fOaott aliallarly 
by tami^ ariitarai hucaldlty aod Ugbt as obrenred la tba flret and 
tacond Inrtar boppars* Xha mmb&r of boii? ara deoraa^ad la tba 
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vot b^f at my om tm^m-o-tiast^ \M% I t le tns^&mi^ i^tb m rim la 
t^ ii|>ef ature in my of %tm %m^ imlxm^m tm llgbt latoaelty aliitcte 
th« tio^lsig exiibtljr ae It Ir Increased at hlgb Xlglit latefislty ot 
a»1 UF«i,« Sim bopp&tB fir» aoet agitated X& Um ^y btUt sfc 30^ 
ifitt} a«t t«F«i« (Zamo-Jax), It le alfo lDaicai.3d that tide 
Imolditjr aiXo«t od hopidog at high t«sip«ratur6 le sior® proalooat 
than at high lutdii^lty ol ligbt* 
Xt>e turalog aetlvltjr Is aloott oi the eesse ldte.if Ity ae la 
the ae&oQd lottar hesTpara, hut aifaet af tsioiaitgr aad light la isc^ a 
piQ^nait ataoog tha third lattar tmm^»* tin tux>nlng 1^ primmrily 
ai'i'actad hy l^ a^ l^tjr and thea ^y ll^ht lnt@arlt7 hut ttKaperatura tme 
Utt la or ao afDtatf ae lodicat^d ixy tha aoeljrflr of 'varianea 
fha asreart i»@rc&£itai^  of raaotloa rairaeXe a veil aarlsed 
|/rof0raaaa ior the vet half vhleh le Itirtiier Into.nflflad at the 
e3itret:ie condltKmf of light m& teiaparmture CXahla»30CX)« 
B3>urth XtiBtm hopper as 
fbe lo^th Instil hoppers expand tsora tism In the «et half of 
ttse ciinmhor tmd^ r all the coadltloaf* the pral'e '^eiice for tim vot 
half If Ificroased furtr^r at istgh Ught l^itaaclt^ (tal3la.^XZ)« 
fha tliae rpant active le rigoliicaatly aifeoted ^ llghtf 
temi>arature c ^ hu a^lciitjri vher<^  t^eratura ai'feet*e i t aort 
smm?9iXy* A rlee in ter^^^atore or light Literif^lty Licreaaa the 
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^(h 
epaat aetive i t maafimym in the dry half at 3CPc noA 2«1 L«F*L« 
while i t i i Miiiiium ia tne wet ii&l£ at 1$^ c with o«7 UF.U H ^ t 
iat&ntity tiat even witbin thri&e t ^ extreoes tiaa e.^ nit activa i t 
aiva^ siare la ttio Orjr half ('I'ai^ e»KKlX), 
ttm wmh&T of hops a^ aong JToortb inrt@r boppars re^ vaale a 
decline in tbir aetivitir as iba develoi^ent adi^ ances* Sbpplng i s 
rigniiieantly aiiected b^ ti^ tesiiiera&ure md tmsd.^ty iJottH wliil« 
tbe intenrity of Xigbt does not effoot liopping rigoificmtXjr 
(!ral3le»KXV)« e^iiniK i t siore in tbe dry half and ie further 
isicrsatod with a rise in tei%»erature« xi^ bopperi are saore agitfr* 
ted under dry .^o i^ditionr., i t ir alro indicated Isgr fabla»XXXX tbct 
tha hiamiaity eifeet on bopping i s taoso pri^iinont at 3cPc ix're^ 
pective of ^e intensity of light but at high lii^ht intenritgr 
(2«1 UF«U)» i^^ e^ tmislditjr affeet ie ecpaUy prosii^ ient OTWI at 
fhe turning aetiirity ie rig.iiUcantljr as i^ected \^ the 
busidity 'sttty the eif^ct of t^a^ratur-e on turnine i s viti^le at 
high liiiht intensity (a»l UF»U) in the dry half wily, fhie 
aetivity tmrnim Blmott unaltered in the wet half of the chigaber 
ix*reri>«€tive ol' the t^iperature find the li«ht intent'ity ($ahl«»>:K:iX)* 
unHJEe the third inttar hoppers tbe eilect of light int^n^ty on 
taming i s inrig£iifioa:it» I'he exoert percentage of rteoticm rbo^ 
a wolX aarised p3!«iereaoe itme the wet half (fa51a»>:iV)* An inor>€aEa 
im 
la t^ i^^ ^^attiret iJK^rea t^ the m&^^&r^m^ i^ yb» wet beXff vhleii 
le al l tiie msp^ int^arli&ed et ^ i ^ llsisi inteaeity (2*1 Ufmh*) 
(ffti3l»»K3CZZ)« aov«irer, la general tDe diti^rlsiliiatloii ^ttieaa t ^ 
t ^ halves If aore >ro^£ieat tban oisserved i^ ioiis tlie •wtly stages 
ot tiae b&pp%rt^ 
It It Lidieated bgr Suba^ iKKIllI thB.% %ba pmSmesiee for tb# 
vdt bolX loereaeat witb tlie im'vlQ^»a%&X i>ro£re€i e®oiig t ^ 
boppere* £be ien^eaey to resialii s^ iora la tlie m% liair It latearl* 
ile4 at blftb llgbt Ifitearltj. '#)ere t«^i>erat^e doai oot aiteet 
this teideosy al^  all* 
the llfth lartar taopiiere are latr^ aetiire tban tbe previoiic 
rta^ty j^t tbe Ueie rpeot aotlve le sore l.i the ^y tmlt uo^i^ al l 
the cooiOltloae of JULglit suM t^^eratiure* The Uaia %»<Kit eetl^o Ic 
loereared yitb a rife la t@ii^ erature but aa locrease la Ibe 
lai&orlty oi llgbt bat oo ri^aXiXemt efibet* :i^ tliae $tmt mtim 
le alilmttm la tbe mt \atOJ: at IJl^ C nitb 0*7 L»t»U iiblle It i s 
mRimum in tbe <Sry balf at 3cPc uitb 2«1 l.,I*L. llgbt late»i^t^. 
I'he ei'feot of @a Increase la buMdltar oa tbe tlise rpeat eetl^e XB 
opposite to tbat of a rise in teiai:^ @rattti-e vbere tbe aetlirlti' l e 
l£ier@aeed« 
Tbe mAi>&r of bept are further red^ad la tbe flftb loetar 
bo|>pere Hut ^tlH tids activity It g eater In tbe drjr balf tbiKi la 
tbe t«at balf* i'be effect of ligbt lateatlty on boppl^ Iv pronlfi^at 
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1«3r 
ooLy at I^C yiimrm i t ie iocr^ae^d visiua.jr at IsLgb iigbt intatti^tr 
(2.1 L.F«i,)« xe^)3ratwo md tiu^ silditjr liotl) alTaet tba trnpi^iag as 
i t ie aora at nigb tas^&ratiira <3€Pc) and la^i i» tl^ vat iml£ 
r@ep®Qti'v@U'« An in©r«>a£a ill t^ 3i,;Qratyr® e&d tmml^ty hac -aa -
aXsiaft aqaai tmt oppotita ali^et on t ^ tiuai^ ar of iaope mmm ttia 
fifth iskcts^ bop^ r^a (ia^la-^D'Xn)* St^ aiiect of ta^arattira oa 
iJoppirig at iov ligbt iat^ ^nr^ ity of 0.7 L«I"«L« i i aora inta^a than 
at bigh li4.t}t iitonrity ia ^t& tfie balvae (X'aba^ '^XXIX)* 
h cos^arieofi of Um tursiiiig activity e^ ioiig tiia bopp^s of 
diffarent stagee ravaaie that lOinolciaatie incr^aaaa ai tkm daveXop* 
cMAt advancae* iioi^ irari thia aetivitj i t aiiaotad aainijr ^y ttm 
famtl^ty mi& bosica tba mmber of tui*aa ic ^wn^^ gr«atar isi tha (S]qr 
balf of tba champs* (Xa^ la«>>:^ I^XZ )• m inaraa^a in taaparattsra or 
ligiit iataririty doae aot aif@et tumifig signifiaafitXy (fa^ Xa»XXV}« 
Tim exceed ; arcaataga of reaeUon i.idieatas a vaXa. m^koA 
^rafarofica for tha m% iialf whicb i t iarti:iar i^itaaeiiiad ^ liigti 
light iatea^itjT (2«1 L«l'»i.*}« M ifiertasa in tas^ratura at aitlier 
of the tuo ligbt iatanfitiae doas not affsat tha axeaes parcaataso 
of raiKttioa rigaiiicantly (m^la-XJCin )• 
tistii inatiff isapparcs 
flia eisrth ii^star tiop^are lilta the raet| t«i34 to r main ia 
tile mit half of the mm^bor* Thif taaaai^y i t intanr i f ia i at hi|^ 
light iataaritjT (2,1 L«l«u)« fha i.otal tinia rpmt in as^h half i s 
108 
t lgn i i l caa t ly aiiected l»y tim i n t ea t t t y of Ugkti ^'toroaf teiapera. 
&ure has oo ei i^ct {Xata.0«XKXV }• 
ri3ttb liietEjir lioppei's are f««a l « t s aetiir@ tbait tha fiftii 
XsiB%&F bo^Jimru^ m-mv^^ tba t l ^ r^ >0nt active i e r l a l l s r l y 
a f l ^ t a d by t«i%eratare| tiofiULdity auid l igb t latnoi^ity ae obiNurvad 
asiong the itfth ifi^tsr hop^^are* AH itisraaira ia tai'j^:«ratitr« 
slg lUricuatl/ incr@fusee ti^a tiiaa epe i^^  aotiva wtieE»aa8 tha i£itea£)lt:r 
of l l eb t afiectc i t at 3cPc iii ib© wat baif osiiy (faJala^xXIV )• 
lima r.-ant activa is aXvayf £i(^a l a tha ^y imXi Irraepoeti'va of 
the t@<'3i.erature or Xlgbt lataarl ty* 
'iln bo^etng if laaet sioag ttm eixth l^ri^tur taappare, ^ t i t 
le i^ iore in tbe &y b&lf of tfoe cbctiabar ondar a l l condltlaae* iui 
l^ncroaaa i a tosj^ic^ature l.iicr@asa£ tba mimliar of bopff ^laraaa 
increasa in l ight ia tea^i ty affects i t a t 15^ C only, nn effect 
of buaiditjr on bopi^lng ie w^^t the opposite 6M i t i t roduaed i a 
the wet balf (l'aaie-X?CIV). 
Itm turning aotiTitjr motm r ix tb i . ^ t a r beeper a ia aort 
aspimtic of a l l tlia bop .^^ arc and i t gi-aetaff in the (Iry balf. I t i i 
primarily affected W tbe buaidity* A r i r e i a t^aperat«re a t 0»7 
L«F«L« increaeas turning ectiirity ^aore tban tbe firsilar increase 
a t 2,1 uH'tU s:bu£ i t *aay t»e irtfarjnsd ttiat asiotif tbe t^ixtb l£mt& 
b^s^ers iux^riing i s a^leeted hy tbe teatp^-aUore also (laalOwKXIV). 
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'IM QKcm^ 4/erc3fttai:s of r<iiaetl«^ ra-vecuLt tbat tlMi prafera^ C^M 
fcr the vat bcaf Licroafrae %ntt3 a rlca la tataparatura m valX ac 
trmt of llgbt lataaeltj* iba pralerenea ior wet balf It lataoil* 
i'ied vt^ era ^gh te^ .^ caratura l e ociu^ /lad ulth blgli ll||3t lutaiiflty* 
'XI:K3 a^ iaa^ yflr of veoria^ a^ (^ a^iUa*}r>rv) lodleatad tbat ta i^^ ara* 
tore sad itmXdXty afftset tba activity la oil tba ^togae yii@i>aae ttia 
affaot oi Ught latasi^lty It laora TltlliXa mo/tig the Xatar stagac 
of iaopfr^ ara. 
D, FIELD OOTMiVAXZai^ t 
A furvay vasi ooaduciM ior a p^lod of two ye^e ffoa JUifia 
1972 to June 197^  la order to dataioiaa tbe naaeooal fliiictu&tloa 
la iba popiia&loa of j ^ m2mt Its Isort ra^ iga m& tha ba^a l^oiar of -
Its hoppara« iba araa of tba twp'vey was Cbabarat 'vHIaga In 
Aligarb district* ^apples i<»> tlile rurva/ vara taisaa at waakljr 
iaterirala t^ evoaplag tba raodoa araa^of the I'laid for 30 mlnutae* 
ili^aiagr of tlile ^urvay ^ e ^uo^aarltad i^lovt 
(1) Copttlatloat 
Cq^ulatloa waf! obtiirvad la tria flaXd about 13«Q0 bre oa 
t&ptmmr l*?tii, Ttm pr#liaiaarle8 of copula tloa war© aot 
oi>£^ drv@d la tha ilaid and hme aJUaady baaa daaerlbad fvoia eagae* 
Hast of the "^ r^ocdrt wa^  ^atci'^ d la the :lald| from laouatls^ g to 
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%o ee^ -^ aJTEtlaii I'otir times aad %tm l a t t i,m^% of Um i»r0eQ£0 
ir(&i^mntly» ibe proot^yjre I t vsry r i ia i l^ to tDcit d«torlb®4 in 
d®i»]riD6d iiy ^tijTBr i19Si^ )» i'^ « foia.o%ft£ig if of i:it@r«6tt 
vteLvn t ^ aale XB sxmsiteS Imt not emt^^le^ 
ih) ti» m% oi eo .^>iilaitlo.^  i t c-oi^leteS witt^a-30 isiautet 
^ 1 t»i^« 
(e) i1i# ft^ iiOe coriti.:ia®s •wxtls ^ mt a^nml actiiriti©e of 
fe®4i.'tg9 eleaiiiagy ^il'®9eati:)ef w®liii:^| ^iii^ing «»tc» 
%rliil« ia oaputo* 
i€rat€hi'.ig ioyi^ id itt WilA &9&ff ti#o j^rde 4if&ft»C9« XI 
ie o:ily i'or a flKirt i i se that ttw ^#o ar« I'irmlf joined, 
a&i'o£<i tl'sit til* m&l» r^ftdiXr r s t i -^ t t th@ al»di^ i@iif md 
^i;JL£iriv#Ijr azstf fly ofl' in (iiif@r@at dir^ctioiie* 
itoroiigbout til® #atii*@ tury^y^ ovi^.-'Ofitios vm a&imt aiir®rv«d 
rmf^iy asi «.gg ©ii»f t®** ims .loeat®4 aiofig ths s t^i of cyyctea ^agtyl^a 
id %im BMtsX region f9mi.^lf of th® iiroait 1@&I» 
f iaiiara.^' ttm &mr^m% oi %m bopij^© H&M^ tmvmr ©&s©rY«i in 
tb$ lieliU fmwm'^mrf i t a^^ - lotmd tbat i^#ry jfoitng ii&pp«r@ teo^d to 
e2m%@r togetimf at t ^ ti«.# of t ^ grate lM.aa@# bv^ ttiie liftMt di4 
fiot ii#r&itt wltbc^t #3i:€@.41oar, 2iie l^imiy mt&imd lioppert w®ro 
found ia -wiie ttiart gracf i#mtt:ri@t <timfat#r 3jogg««i} or aroitnti^  tb© 
r&if@i uoiiii4srjr of tii@ i'l#M ^ t l : Um oimmtk igm4 Cim^doa Stc;tfloa* 
SIlis ilru?i,l»i;^ioa of ver^ jrousig iio |^>#rg imr ii&i^tsiimd elaott 
aor-
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ttiicbsuigad dtirlog ttm i l r t t t io i i t r t s f t , ^ tbe t la« stort of 
tbo iioppers ti^re i:i Unix fowcth inrttsr, mO'*t oi tt^m fmd ^»K<I^ 
la1k> t t^ t a i l graes« in the 9srl^ e t a ^ r trdr var proWisJjr ^inm 
in p&jrt, &u@a£»t to %km i ra t ia j . eoiaer.iart of tbe gro^p Droa 9e«^ 
0gg»po<l« Aseit^os m^ %lm c i te of ovipoFiUosi l a iim ii«Xd 
ooulS oe iKiiCatoO, 
(11) ^Q&BQiml Al '^^ fi'^ icdt 
la tbo flrc^i ^®r of COS^YSJ tbe se^ ayi^ l* oollAOted t^urJUig 
tm miadl9 of JimD (1$tli Jon* 1972; ylea.clt4 oo l j a tmr ct<lulte 
aH of wtiich uere ol' a^vtj.iC6S iige*«flGct dfit®i>i^ rie4 'w ^^9 
eoloiaratlon ol' t^ <© m>^ viiicii I r aoosuS to become da^nar a^ o^ 'm 
t t ^ o l d &&XLtBt 
Hatchi.'ic in tlm fiaJ^d Bi.'t,9rmi%ly t t ^ i t d before the date 
of th0 f i r s t tollttotloa and mmtmOi I t s p«ait. wlthla & ao.itb«r 
period so that tbo s a ^ l e coJJtocti^d l a the mldclle of J^uiy v^r 
ha^og a larg« .'wsber of rjop^^ort lii I t (fls» 18 )t timid^ng Umt 
th« hopper poi>-ai&iloa i#&e at I t e '^^&®K Xt vais ^ari.ig thlf 
l>eriod tl:^t %im aeUtXtr ymrtt eoarea* An Inor&are l a tha aSsult 
popul&tlofi ifa£ not^d i ro^ a ^ u t tba tiiUr-d wiwk of JUxi' tl^rough 
tba la ter i^tiXi of Aueatt r^at^rai.^ i t e peak ajnooad 30tb Aogart. 
'^ MTlfig thle: ^^ «^riod a porooptliila m^iimt in tbo popnila^tkm of 
boppar^: ime £tDtK:edy '^Ing low@f: t for Um rainy eeajroni oa JOtis 
Ao^urt* I t vaSy bona'v&ry iatf^rattiDg to k£UM %tmt 4urlfli tba, 
l^ ^ariod that t i ^ l r ^!)palatlofl ior Ui& Tslny eaa^j) i^ ae a t l t £ 
paalEt iemaleB out mtJOari>d IS&I&B tuf ^ tSi* 
1 ^ 
tttm C«)p'tQUi:>@r omm d^s reae^uie i t t peak 0:fi 30tfa oetol»ap» fl4>i^  
Xaar«emt la aumi^ ^ vae airld^itly <^m to tiio iiatolil^ of %im m$^ 
laid liy tlitt i irst gefioratlon le^&Xet. Borliia the prntoH €&]^%&.%\mf 
Uwough oetober when %hm boi^ por po|»uXatloii iran on Va^ rlB9t tb9 
&^saXU of botti £«x«s rDiovod a <SooajUia la mii2l>&r i<fitb tbe iaoHs^ 
balag laoro pro£)ou:tK;od 1A f€>iiuil«E thoa la maloe* 
i4.th il)9 oaret of winter tij&ra wee a f liarp iacM.^ I.1 t |^ 
mi^)or of beppore ^lloetad* ihlr doeXlnt in tim population of 
boppore fiertad firoa I5tili liovoia^ri r«aai3od Ite lowaet for tbt 
vlntor oa BOtfa Beeeaber* i t va£ atarias this period tlmt tba a^ilte 
rhowod uii Iner&a^ d In tha £»mbor ^^tb tbe ml&B raaBhlfig tbalr 
wlater peak W 30tb oi i»co2U*©r. ihlt con be a^ Isd^ u^id afi baljtg 
Oi^  to tb@ newly ©raorg^ d adulter of lioth tbo rexae « a phencosoa^ 
vtilcb corraepondi ^tb tbe notlceaiile daollfie la tba missl^ r of 
bopp«re during thlt p«i*lod» During tiaa period October tlsroogli 
Beeasabar .nal&s wore laore abo^ ident tbaa tbe females* liroii 30th 
'^mi&mh&F onsifirdt tbe mMber of a^m et^tod deallnl;ig| aad tim 
t&ml&e wore laore in atiaber t U l tbe last mmk of Jamaary* fhe 
I'ei^ alee bavlng reaebed ttelr wliit@r peak by tbe smd %i&o 60 malos 
(30tb Deoemiaor) aal:italned It t i l l 15 tb of lebruery ^^on& whlob 
tbe a^ult populatloa of botb r^ea d@oll.aod reasblfig tbe lo^iott 
by I5tii of Marcb, 'ihi^ decline tieing sitoro pronoimeed la mlm 
tban tbe f<^alee« 
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Surlfig t\m period wbea aelult popul. tloa c^lliiedf )30i>p«re 
itarted Inere&elag In number« *^  l$tb of ilarcb viieo edolt pe|ittlab» 
iloA w0 lo^oety the bc^p^t reaielied tbslr third poek wb»r««B 
aambor of males slvoyt reiaidnoil hlgiier l>otwooa tbo porlod l^tli 
October to 30tl) DocemsMir* ibo popuXatioa of tbo fe^aloe vs* at 
l t« bl£be£t lor tbe ulat^ r^ on 30tt} pocosnoer md Int^ostl^gly tbo 
am^m^ of i»&lo8 in a glvoa sasaplo vae ««»• as that of boj^^e* 
iroa 3 ( ^ i>oc«!y>er o-iwarda bt^pore i#ero ebowlng a tstenA of 
i.ieroaB« la tbolr population wltb a doelit^ In tba taxm^r of 
imskadMB ilmiXta.ieOttr3jrt w^ r^aas tba population of tbo msOae roiialno^ 
linaltarad t i l l 1$tb of l^bruaxr a:id tbaa etartod daollolng irM.l« 
bep^art vmB f bo^ag an atoandli^ trond In tbalr population tetm 
Jamnry tt'^ ougb Mar<;^ bf tbo aiMlt papulation of botb s'azaa imt 
gradkiallar declining t i l l I t roa^i^d Itf lowest on 1$tb of ilarob* 
Onoe again with tba onset of Bvgamir tba bopp«r«s p^ulatloa 
started te^llnlng ivon 15tb Harcb onvarda i^ rblla tbe fsi^ ber of aiiults 
ttartod lacr&ae^ lngy reaeblng their meximm on l^tb of ^rl l« Bes^ nd 
tililcb onee again tbelr number started Oaareaislas* Ibe pi^ulatlon of 
tbe boppors decll^ e^d conrtantljr t i l l t^ ie @nd of Has^  vben a boppc^ 
eould rarely m eaugbt or located In tbe ileld* Ibe po|»aatloa of 
tbe adolte declined eu(Menly In tbe latt vmk of HB^' and tben 
tbelr population was £^ alataln&d at tbat low a level t U l tbe leart 
ralny^ tec^oa* 
ft^ougbout tbe yesr eiiargence occurred tlrlee« b l^ng sm^imm 
out of tbe egge laid W tbe ^ixtt geieratlon lesa&lse String Qotobor 
•« 
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AuguC't viillo that of ^nalet on 30th Deceabor, fbe am£osir of 
£ial«t %rae g£*@eit0r than tl» l^iaaloa ciiriiig 15 tb Juljr lo 15tb 
Augurt and om:9 again auriog tti& period l^tti October to 30tti 
DBceaa@r« mriag rsst of the taoiittic in a j^ar iemales 
roaal:id4 m&»x"3 aiRiatl&at tiiaa tkie caalee* 
During tbe yoar 1973-7*!. aliort e la i l^ trend of popuXom 
timi fltictuatioii^ v&re eixlii^tod &y imth tbe bo^^^tstB as veil 
ae tlie aduXtc, lidi«eimrt the iollowi^ cr^ aogee were of 
intm^est < l i^ 19)t 
(a) Unlike the pi ©viour j@ar the population of iSalof? 
was laTier tba i^ the loisialee i^^iag the period 30th July through 15 th January beyond which i t var 
roT r^eed* 
(h) Darius prenoui year a given B^mpl9 on 30th Dec^£:^ r 
coiUoIaed helper c mO. ieaalee in the dc^al nwsther 
irhile this y&sr i t waa the mmb&e of a^lea altaoct 
e^ paiUng the hopper at the eai^ ie tisie of ^ the ye^r ) while the nts i^er of finales aloo '^t oolntided with 
%im mmb9f of bopi;<ere on I9th aanuary. ' 
<c; i4th the onrot of ^\m^er the decline in the hoijper 
p<^ttlation nas rhax-per during this ye;-:^  as co^ apared 
to the previottf ^$^9 
<d) in ge^i^al 0» v^Jm vmB le^ ' e ate i^dant than in the 
preiriottt y^«""" '"" 
( i i l ) Ge;ieral oheervatjongt 
tin i ir t t part of tho dally procedtoe ie the awaitetiaing 
in the lleldt two iatetorS| light inte:irity @nd temperature ara 
6lja.iiing rapidly at tt^it tiaet hoth are inereai^inc. tiiOM i t i« 
117 
poif ibla tb&t t^ tMiy^^Q^tt mhluit i^oMtiva pliovoklfiariey pori t iva 
ttm^^mki.imtIt or do t^ liost of tti© ^vloaoce rroa l i t o ra tu re 
mi^porte a tliors^Eliietic re^onr«^ Imt i t {surt ba boztia in lalnd tlsaib 
saora tiiaa oiia fcfiio^ ^^ i^^  opara^e at %im smm tiim md i t hat l»iaa 
tug4;«^ i^«^ d tbidi Xigiit afi^ i^ iMicUtjr .'ria;^  l^ a^coclatatl Mitb ^a^c^ra* 
tura la %^ saorrilrig asf&i^aniag. X:i I'laid i t i e oftan di f f icul t to 
sa^€arai.e t ^ alfactf of ^ Xiislat &;iti t i ^ radiant liaat* 
Corraiataci with tls© aE^aiag iacraai=a in aetiirltyt boppare of 
Og y a l ^ il'jon a ga^iaral stoiraxaaat of aiseaot frost tba ovoroiglit poti« 
t ioa . rooa thay eof^ to ra@t on tb© ^po^ad furfaca of the la.af aM 
ravf^aia statiotiar/ t i l l tha te£%.<&ratura along tdltb l i ^ t iiitaarit^Tt 
i f fiartfiar i:K;r®ai-ad. /»r/ouM 7,00 i^B bopp^tt l>©cos^  is^tiva agsia 
aiid e t a r t r0aai:.ig» Iba actXljr i^irtor hoi.<|)arr> az'o qiU.ta vary aYaa 
diiring ia«!dlaii arid a cbadov or £tl;rad,!ig doa to v i . ^ ma/ imS^a tisaca 
to taak for ebaliar undar tha i-orliMca of ttia Ittaim 
loading vaa ob&erTed smrti^ frocjuantly in cagais ^r^ra i t uiiriially 
took pla&a ^twaan ^.00 br to 1C%00 t^ md 17*00 t r s to 19*00 iwe.^ 
ri.'i€a 0 lae t r ie iJoXb imr- i l ^ fourca of l igb t tv'hicb va^ rwitcl^ad on 
and off a t 7tii tm m& 19tli hr raepootivoly, Ti^uai rtisailatic^i eould 
bava pla^ad roiia rola ift addition to the eat i » t ^ a a l cloak, as tim 
food vas cha.'igad. ta^^ty ^mrtiLag uM aveniog* Mt^ in tha laboratory 
aa v&.kl ei in tha fieldf i t took rose tisia for tim lioppt^rt to gat 
ad^uttad siM s t a r t faading* Sboi'a iraa obrorvad a diffara.ica l>atiiaaa 
ttie oarinar a graet oimia wm Goarmmd by tha tiopp&TB ^ tha aduXtt 
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ol ^ "mlax* Xnf^ariably e^^ty t ioe the bopperr leed &loag tbe 
-xerglat oi tbe leal dl&de, tbey reach the itpper half of the biade« 
bsive mum ex .^<loi'&tQrjr bltee arid iben trmir atmdiikies e t e r t wrisias 
oa tbe edge* Borlog ibe procere oi feodiiig bop^ioi'e grciaueXijr kee^ 
retrecti!)g wlib their asuidioles at a no{k-ftoii> '^ o^r«« ^he deptb tipto 
wliicb a graer v l^ade le gnatittd deei;:>efte '^Itb the developE^ftt of tbe 
boi'i^ers a^ id e pi:irm i s reduced to al^oft a t t a lk vi^ieb i t the lef t* 
o<ver aid-rib* hmag tbe adul&s tbe eatir@ leaf i s oo^i^u^ed along 
v i tb tbe aid r i b and only tbe batal portioa of tbe 3JO&£ i s left* I t 
%rac lulio oDrerved at t iaee that tt^e eut leaf lying on tbe i loor of tbe 
cage vas bold b^ tbe i i r s t pair of legs and gt4.ded to tbe maodibloe. 
A care ia l obttrvatioa of tbe folli&ge in %im Held caa depiot that 
vhicb of tbe two r t i^es ic laore i.i number a t a par t i l l e r t l t e* 
Ibe feediog saay bn ditr^e>tiud ei tber by^^ fl|>proai. bi^ig a bopi^or 
or by riiffHig of tbe leaveS| ai^  in both carer bordere ruddenly rtop 
tii#ir BCiivlty a:id urig^^le to tim under.suria&e of tbe leaf, siile 
ac t iv i ty i r recmaed once tbe &aviro:£st@nt beco:aer oongeoial a^aiiu 
la eai^e i f ttw bopi.<ere are ^i^iomimA lUrttjory tbey siaply drop oif 
irom the leaf to tbe groaad and vriggle into tbe t o i t of grass or 
Qltm i raa t io tuly bqpp oit and amay* inir reaction if profsent (^ K»ng 
the yoursg boppei'c vitbout eatcot-tion. A-jcx-ig tbe iai.e i-iftor hepi^ere 
tlie i ' i r r t pgrt of tbe i^ection ir ti'ib t im but om^e tliey reacb tbe -
unoer fiurfaee retr&ad Ut tbe baee oi tlio ^lant ^^ile ali#ay« 
riaintaining an tiprigbt porition* 
^-ffma fofiding i s coi3ploted lioppers us'ually Ju^p oif to the 
adjacent folliage aad re f t for soi^ieticie or riZf^^ly drop oif to tbe 
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gronndf than ttmy beeo^e qala®ca.ii lor 6o^«i4£aa« tteti mGifm&^gA of 
ante.iLiae and peXyX ^I ' lg tli« oaI|r ^ri^a of activity* Aft#r eoo^l^aHi 
ti^r@ i s obtervad a (laecant irom i t ^ Jta<@dl;)g s i t a rjid i^ 3« boppcve 
coiaa to imBk oa %im Xot$^ r laavaa uni^^r a covaff at tO»liy l.'^.hat 
AiXiira tba grouad da^^ndlng Hjioa the plaAt»t: ^ I g b t . Sliit daacimt 
af tar ftading c<mXd hava tiaart iadyuead ^j a ripa in t#ii|^ratyra* 
2t i r fup^.ortcd iortber* as tba boippare wara ob£©rrad taaising 
rbai ter undar tisa ioairas «fitb a s'ifa l a tak;i^<erature aM tova^-ds ttia 
p9BM fooiirs of the day i^ra iouM DaeicXag a^a^i a t a Xovar iiaiglsit tumn 
tt^e r o o f t i ^ rlt&y which Is a r o u ^ ttto basa ol tba f i r s t laaf. 
ruet) a porit ion i t «4robabI|r t^i^irtsd to ocvoid tba raa« i^round 
jiidwday Bo'm of tti« adultt i^iara om®rv&d tski.ig r liort flisliti; into 
tbe ad4aG@at s b a ^ euiierai^na l i a ld for iimilit®r« 
A0 tha taa^^aratuy e e tc^t i faxilng around 1t»tb boorei tiaera 
i t oi^rorvod a s^ aoond %.all of ae t iv i ty aii)0:ig botbi tha hoppers &%d 
tba adoitr , 'Mmy e ta r t aseeadiag frs^ m th&ir rtielt&'r a n d t b i t 
ilxmlly laadf to l'o@diag amimd l^tli lir« 7b« t i i ^ takaa i n feading 
if. laEr©r tovarde ds^ rtt tbaia i a tba manSLOg, In quita a si i i i lar 
^'a^hioa ttmj ^eo@ad after tba fa&iii.ne i r ovarf reach at Um 
'mMBl i^art ol itm l i r f t leaft ^ ^^ ® ^^y roo t t . tha roott ing r i t a 
i r goimraXly nigi^r tbao tb& bB£kl:M^ r i ta* 
During U^ «»U a ttoirvey isoae of tbe hoptmre vme SauaA 
roortiog or baiidLiig ofi tba a^tpoied suriai^a of tim laaf» fhe 
tha i t e r ii? always tiw^^n oa Mia imd^ surfaaa. \ary youag Ijoppare 
faldoa ft ay at Uia tl^e of %>tm graa«^ oladar but a£ tbay groM <»ld 
s t a r t mpXorXag tba ^ r l d yitii a itaaner i.it©x'@£t« tim 
lao 
gs^rai aetiTli^ maotm tb« beepere wae «t a^ljoaa la ila« sarajr 
iaariiiag boftirc aad &t dark* DM behaviour of tbt bo i^^ ert It raadoi 
and directed* m&-:\g tJbe hopi>ere aeireiiaAt if la tlie fera of folifig* 
to foajLogo leai^t &ad »ore not touiid siar^dUg or worldUif* i^ t^ofig 
adiilts i t i s tbe rhort fligistt, but oa ec^lne la cooteet idtb %lit 
foUogo, (^eiiXy move to tho uadiir mrfaoo oi tb» lo«f« 
A ieereb for ^ vojjQJf UJro^ti ttfv&tiX eropt r«v«aa«d tbf.t 
It lagdeted ofOy qrane tatf^a and imry raroljr ootijLd bo eollootod 
Dros jfm aajgt or Spritloiia MSH^SB* ^^^ aaate could bo oollootod 
ittm aa ad^ aoarxt r^ ugaroimo ll^ld aad that too b«t««oa 11*00 bra 
&n£L %htOQ hart, wt«z>e xrobabiXy tbey vex« 1^ ^ rbmlttir^ to avoid ^lo 
eua« 
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fb® feaaller r ice '^v^t^fm^.^^&r c^ t^ a^ yeXoic F^b» a i;-addy p«t t 
i e x |^;ort©<l i ro^ reTeral couatriee IXim Iridia, J^ao^ Chiiie^ 
taXa^fia and Xaaon^tia* i^ Xadiia i t I r widcily diftrlt iated ondi hm 
'itmti reported iTrom Andbra I'-r^derb* :4ab&raebtre« Hadtiira rrailefiii 
o r i ^ ^ ^ Uttar i^VQO&Bh^ i'u.n^ab £.id aagatttiaa* 
In g43'ieral, both aaiQC aod i&mlet ara sadi t^ to r a a l l riisedt 
i'e;,i{aoe being ^Xigbtly larger tristi the ^fialest moaturing 2*73 ^s t^^ 
a«U^ ca at on airoraga r&opeoti'via^* r i ixe I t i r foutid i a Inisild 
t ropical habitate of the aas tam baoiirpbera, the eor^^idarable 
expaaeioa oJT trie bind f^aora vaatrcOl^ aloog vi th the exprnwlon of 
t i b i a be^ofid the middle md that of the f i r s t ta rea i Joint ie aa 
ada^;tatioa lor evL i^iai.'ig* A^o.ig the :iei#ly e^ i^erged a&iltr the dorrai 
pig£i@ritod brjid api.e&ra l ight green aod rcif^ t of the l^ody &e bright 
^reea« ^ihicb la te r on after h^7 <^e of e^rgefiee turat bt'o^m and 
the bright ^oea colour boco:mi> (Mil* f he |4romine.^t bright 
pl^iK^^^tation i a tiiit grai^shopyer disiinis-heei vi tb the a^&nceaent 
oi &ie aad ju r t a day or ttjo before &r>@ir deeth, a < ^ t e eg>|.e^ 
aijuft dull bi^ oira i:i it.:rier&l« 'ilAt eoloitf cbi^ :i|.^ e if sa^ r^e b r i l l i an t 
igBoog the ft^aalee tba.i tho ni£lo^« '•d.tm colour cbangeE during the 
l i i e are ^«rticul@rly rioticeable i a greg^iour fe his toco rca wi-^re 
ti;;e jfouog Bi^Ute are pink while ibe old oneEf bri4,ht yelloir (colour 
i l^uftrat ionr giien by MmmX d*i;43rculaic, 1^3*1901 lofselery 
1905 e t c . ) . iJit colour ct£iaf,@s are jurtlier i l l t t f t ra ted by 
' hauirift (19**lb) e-id -"^rrif (1 '^ ' ' ) asaorig the ct-te tsred fcbi ' toccrea 
m'i&ro chaac& ^^^^ Pin^ ^ ^lellotr i r m&r& b n i i i a n t in :aiale£^  thaa tim 
feiislae vbile i t i r ro^eree aaong the (p^a irnlox ad.ate . fince th0 
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f i r e t ch&.i^o in colouration col .nal^s SippraKia&taa^ wltb tb® 
bogl^mlag of oopulatlon» I t iaajr tm aiBmmd that I t l e eorfolatod 
tilth tbo maturation of gonads ali.bougb eooo author e (oc;« aoXd^reir« 
Iftfa} iiaiatain that yoXiov colmiratioa 1^ ^ j j i grogart^ i e laoroly a 
£lga of a^^ig arid rkot of a&f,urati»i« ijoye'rer, emob mBo^t^m 
^loula be ck>re convi.icing o:«Le rUfe^ ^^ w'tod Dy the etudjr of tim 
horriaonaX (i«r*ri») le%le« 
Cba^ee In Colouration are knovOf not ooly aeaong gree&rloue 
locuftSf Sitttt ^ ^ o In fotao ottiors liise In ^frioan neaoyfit 
l a t l co rn i i t vLore ttm ^tgfV&'JuOj^^at of a lor&e blmit patli on trso 
byalitie tiingf aajr iae ae&ot.;iaL@d %ti%h ttoo oo^'et of tbe reporactii^o 
ac t iv i ty Mt direet obearvatione ax a needed (jars^t BM 'ilvarov, 
t9Mi.}. aeteiied study on j r i t i e b gratc&ppporr fovesO-od cbangeis 
i.'i adult oolourationt in 3ort eaeae peral.kal to tbe ^atuTi^ition 
of eo ' i^e (I i€£arde s^ nd iMUoff t10^)« 
Ijewev&ri in practice the ooinoiderioe oi the darisening of 
the doreaL p igasn t^ bend In ^ ^ a velox can be an a^^i^^rosiaate a.id 
useful guide for ^udgi:^ the onret of the rt^productive i>h&BQ ©s 
'well Of ttm gs^vtb iMStontial in i#iXd poFOlation^. 
Aftor the aiergence^ adultr t a ^ fuoe Hsm to CK^pulate and 
tl4.e pre«€<e^aiation ^ r i o d Varies irom rpaciefi to r,^ci©e and even 
a^^ng tlm iudii laualr of tbe roaa ;-i^ciee, Mal^s @u3d ;o.^ 'Ja2e£^  laotb 
In Qs^a velog do not et&rt oopulatirig iisrieaiately a f t ^ tUe e MW» 
C^i-iSiQ and tbe p''©•copulation period varlef itQ& tbre« to four da^^t 
l a j 
tba averaga balng 3*^0 ^ 0.15 days uuid&r tbe oo i r tant conditioae in 
the iaHorawry at JO j i®c vitti 70^* % h.iu aadi fed on Cynosioa 
daotyloa« a cos^ t^ n^ vaacU l u i and JJ. (1933) tonxid tbat who pra* 
CO. ulatlofi pariod loftad lo r 1$ to h% <dMyB In an aiLllad C|>oeies 
c;s:|a cbta»a£if• f-kiiiarly ..iatiikswa (193$) reported a vsr iat ioa 
jQroia 9 to 2b daye in tba ^ra«.oopu2.aUon j^ariod oi ^ y a spaciaf* 
Uoll^ia otbare, the nale ;olcalooer|aa pictae bae a loigar pra* 
copulatory i^riod but tba leaala I r copulated i\ktt aftar i t s 
e-^rgai^a (Fratbl aria tiigaa, 1939)* 
Tb© act of Odpuxatioii if ueuaXly «;r@eaedad by a :^>r« (»r JUiea 
o l a ^ r a i a oourtehip ba^iavloor* Xhe ^aele of Oafjra velog sialsee an 
advaaca Lo^^rda the i«^m»jLO ixy tapping oYcr th& ariLannaa of tha 
feaala wltb I t r owi» md kaapi eiiblng aotionXaf E* lima i t suddenly 
4wi^t and oountr over the i'<^mU^*a hmK ilov i f tbe ia i^^ axa iir not 
racapv^ivai i t etart£ Juiaplng vi^orourly aad the m^ dUtflng I t f 
•f . .art8 to adjurt 4jro,...ariy| i f sei^aratad* ttm aale otherviaa halde 
the foiaXe firmly vritb i t t lore lags at (be frontal r&gion irbile the 
<;lav6 grasp ilia lo^ai' margioe ol tlia iro^ital la'ba* Iha udddle pair 
of lei^ c^  tmldB \.h9 f^^aala aodi^r i t s vi:ig£ above ttia hind pair of lag^f 
while ttm bl:id pair oi lege do £K>t taKe any par t In ttia %fiml9 procees, 
lhi.t if the iyploal ri^idiiig i>ye oi portura» inort oc^ a^^ aon mmag ti^a 
acridlds l i»a Astacridjaa aagyytiua (iaderov^ 1927 }| Locttrta 
siigratoria (i3oldyr©v, 1929 ) | Mala:iopXu^ differs-ntialif (Sjrif 193?^  ) | 
l^icalocaTtts ^iotti^ (prutbi and ^Igaa, 1939;? E'Chiripcerca gragarla 
C"lorri8| 19$**} laiater-aooee, iguOji Lo<a^ta isf^rGtoria (Gregory» 19t»5)| 
fle^a^ioglttg gangujoi^ac (i'ie&ford and QilJiot, 197^ )f fpathoatermsa 
1d^  
C'Mooaie aM ^^ a^ St 1977) #tQ, 
m t l y ^ (1f$2} 19Sbli) bo^irort oi^^^rved «lataral" i^ fid 
'tia^igli^" j^o6litres in «j^ t^»jUm %o %tm ao t t 00^^11 ( l i la^n^) t^ r.v'ttt 
QtiXf mmng tHo ep&eiei %rit& t ^ tuo ies«e of d i t e i a i l a r t i ee lils« 
rgr^*i»rQS3.^tme ^Ui;^>ittg> 'jtUu im&XmB of <^ya ye3#» witis m&M»e 
la»€opttJye mtsr eofitiim* to ^««<lt <:ra»l <^ ev^n ^ys^ an dictiiri»a.«ie;e« 
f l ^ coi'Olaii^i ooet diftiirbad m^y h9 T&Bmm4, &i^ @r m §^ of 1? to 
3k bours* i^ f^ oird (19^^) l3fis ca.ro &m&t%0^ th« s^ i^d i£i C'cbictocsfca 
f^Xm Him t^BiSXmrXB & fcii&le ma^ mQa f l j "^ t^^ ^ tn@ aal« a t t ^ l i ^ 
(e4$l»&XHSt t937ft)* i^ t %tm @^ of «0|i^a^^imi tlie imuM Btm'te Jerisli^ 
tt% Iliad tlbtlae &^^  Jysi«;S iflgQromsljr^ t&i^ ^ Quw^iag tbe a^&gratiofi« 
iSdorov (1927) in A>iaey.i^asi observed ttir-t tb© pair resaaimHS i m i t ^ 
fSroa f^  to «»§ bours. fiafcfela C1^^7) I.1 .Eyprei^eaigais j^jypraae ol>sonr#d 
tLat tbe CQi.ml&%%jm 99^t£iA ¥&i 1 to h heorf wir)lcli iOiii«tii^0 ^ t s o a t d 
i|i)to o tiourE or @ vboO^ Os^ imm^t ttm laboraior^ <30£iditi02i£'« fl:^ 
eopi&i&tiem period amoag Cpatboptorgty jjpragliiiffegms irai'i^s ir^m 
ft to li9 bouri (Iqbal af*d AsiSf t97^^) ^tti'^m I t var ies fi^a >*o to nO -
inimitat i a ffilopbi4ta aaiyLlmtm <?4ooni£ &rii Asis. iW7 h *^ ii<sb l e 
<—UMiMriii «i ft II III im III itm aiawaMMHwaMtMaMi* r •' ' ' ' « 
m.-'^f% of tbe rsi© riso at %im fora®? gr«.ssbci|)p©r. iteks a io;:^er 
cop&iatio^ |j«riod c^a n&t ^ o o r r e l a t ^ ^^itb tb# ntm af &N grfift* 
bopj.#r» but 0.a« tliQiad d i r t i ^ o i r h iri. rmt Qm&rvB.tiQm <i,9« lo^@r 
c©pii*.ati©a pari^if) liati^oa tfio siairi.ig sad %h% afitttai eopmaiioaf 
tbmt i t i^ bt .^>r&o«t<t oi f^ <Mm tr&i]t@^f$-iofit t^m l&ngth of ^ i o b 
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^P&txde xas'galy oii. tho rato oi^  sp^^tiatop bore I'tirmatlcMBi* 
Ihe complotft act of copulation l.n Q^ veloat t&kee 2 to *i- bours 
1.1 the ca£&£ wi3il@ la Um ^leld I t ta^ee iO to 90 ^mitdC« thU 
rhorte.iljQg QS tlie copulation period In tim Held may ^ attrilauted 
to tbft dxtre-zse vorytiosr^ ol' tno ^dulte u i^vler the jiatural cofidltloae 
vbertty ev^n a teratci^liig ^ouad could t0p®rate tbe copul&tlng p9dx% 
timy would 4)fiai> t^ mAos^Xv^ly Euid Hy oil ' In dlflereti^ directlo:i^* 
'itje ie aal« of J^ yeloit copulates Pdviar&L tliiios (Si to o t l ^ s a t an 
avoraga) bofore or etSt&r @acb avl|K>fitlon, laut ti'ia r(@p@@tad eoiiiula^ 
tloitis; m^ aot necoBrary fop ih# Eruecemva ovis.orition«« i^'y^o'^r, 
tt)6 to te l l€»t.undlty If IrUluatxod iavourably duo to tb& repeated 
copuj.atlone. eiailor obeervctloor imva been -lade by ladorov (1927) 
in Anaicridl«s lioiTls (195**) Irt fcfolf tocercas ivariova (1925f 19a&) 
aiJd Gregory (ll^S^a ^ it) in ioi.-a.gta #J©re tiioy obBonrod mora tliea 
ooa Si^ar^atoplioras tLi tho i'e^aloiSy Indlcotitig that i t aXlow@d 
copulation to ba rapea'w&d as :iatiy ti-^as. I'o^avi^i iluAtar Jonae 
dSbO) Ettgeefctod t59y t'rocfilng tha aliilno ieaale t#ith tbe aaraal 
miae &id than -^th the alUlrko nale) t:':iat tlio l a t ae t lo r t lHsa t lan ' 
itm tm aiiaatl^ra ona in eohlgtoearaa* iw'iotri^ point ol eubttaatlaX 
la ta ra f t I r tiJet a eirigle copulation i r eui'fie lent to i a r t l l l a e a 
auaber of ru^rcesElve aga-poda m ' ixj^ m ijy iiorrle ( 1 9 ^ ) in 
rcMatocarea* 
ia.-'isa® ^ veloat dapotltat I t e aggr In tiae oiolrt tand al'tar 
i^aTins aalac^ad t in miltabla t i t a with tha Nelp of antaaruuii paX^ 
a:id tim ovlpofltor vali/lee. '1- © iorsor tyo ysrts ^ t e e t tija aolstoro 
%m 
l#iP8l with %lm tmlp 0i by^ror^ee^tore m4M tim iii%t^ iMirt %h» 
i.iQlMd«6 tl]arttftlag ^i tb «a.t@riia%e eollapting 1^14 @x^ <#i:^ yLag of ttm 
o ^ l ^ t i t o v ^'aivdi i^ UHig ifitb ttie «%t@aiion of tNi. a^dd^en. les^JLte 
fai led to ia^ «fg« id ttio pbjriologiCGlljr arjf io i l^ mi& tlmn m @si 
@iaa|iti^ '@ r&OiatioiH ®ge« &?«>' ^ a t i t e d on tb@ i'olisge (l»lst« $» 
Fig. 1)t ifhicb i» i a siTossie-at i#itfe %tm ©ae^r^^tioat ana© by Wm 
(t921) oa t t^ eaxm £f*@fttiop|7@r uatii^ &}^  wat@f loggo^ co^aitiofiui* 
liiailfiT ol>f©rv&tio»e vere aado i^ fraOtiaa and Pesli^ A i^ii {%%%) i a 
jAwroglyptmg giiiigor^i»t*^« ^lero mggtt tf^ro (tepoi'it^d e^oag tlio i^ooti 
of t N irarioiit firubt* itio ir@riation i a tbe ri%« of ovipoi ' i i i^i fsern 
f^ ®ei@6 to rpii€i@e i i .|i^ ol»alB4y auio to t^ motthmm fe'.iydr®i3<&£il>t of 
t t e ©gge to ^voiop sjiid t t e water r@t@i^iiiig c&paoity of diff#;;:^t 
mix Dedty aif a f0aal« Cpltaaf^^g; f^boaorioidee o ¥ i | ^ f i t i i a tl^e 
Msete t o i l (yviirovt 19i^)« OfdeyLoiig' i'Oiie|^al®g^it i a clsiy (wo|«iey 
^^"^H l>«l^ Qfc©g |imct^tmg in r&atljr l o i e (mt i^ar« 10$ )• 2a @a«« 
wl'ior« t t e i o i i i i oxtr^^ael^ drir, fotialet faiXei to oviporl t a t @11 
( lof^riSi 19o^t M^^tfd oad i l ^^ t%5) ^^^ ^ ^ ^ t i m a tii« fiisalA ai«« 
wiitoiit Agg lo^tm C ^^itij^airt 1 9 ^ )• 
i l ^ ^roctf t of ogi I©^.'^ a»ofii ttj© foaai t t of Og iroJiy i e 
th® i|^*4cal acsPliid tj?p« m:id t t» i5re«^vlpofiti0ii ^TXQ^ «% ma 
a^^rafo if %m j 0*39 ^ ^ i tisicit^ tb® oo?ittmt eoologieal e-oaditioat 
of 3 0 ^ 1 ^ , 7 0 ^ ! ^ B,ii« a:ia Cyaodon daetyloa m fooa# loWt aad 
i isi i ( 1 ^ ) rii|ici«*t©4 «*.7 J- 0#3BI dai^t oc pr@*otri|sofitioa .is«3Pi©4 i a 
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tlaor* of th« a^alOf afid l^*:aeles l«g conrideraijly behind lalos in 
tbe l r maUtratioUt i»>reov8r, aolclj^'eir (I^Ni) rec^^dM tbat tbs mal^e 
1 ®^ ' iocugta St ^ i ^ a t p y i i ^ p t afc 2Q»3$^C produced e..eri3at©aoa iilsleli 
fallad bo reach &b« fealnaX v@elcl«ey tl>®£a aciX&e oopulatod^ tnit 
tlmir fi^ ri3©t<^>bor®e> w&r^ vlttioitt ei^ #jRa6« Shut in a l l eZfieri^aoiital 
vc l^E t;.be tima Iro^a o^ri@:io« to tba f i r t t oiripofiUoa Cpro»oirl|)ori* 
tlo.n i-'sriod) i£ da^Lg iated m %lm maturatioa period* 
Xba lei^ale of jg;| 'yaloy sm^s a burrovt 1 to 2,5 c»^ daep in 
tlia toiX* on^a again ttia dai^tb of the burrov vrrioe fro^ fpeoiar. 
to fpaciae dai.&::iding ttp«n tba leneth of Um abdocaaa t^ - w»lX at tij@ 
extanrion of Urn aXa^tic imareagiadnteX ssambra i^ay ag , , i a A;iac.ndiim 
aag3a>ti«i tha i&'3aXa abdoaaa aSi^ande from 3*5 to 9«»1C> caf^  ( .^edoroYy 
I 19*27)1 ^ to 1u mif i?3 iktractc^oris^lm craiteaJLai|t (Agrmmif 1955 ) | ^ o 
to 7,7 oaj^  in Aularc^s puactatttg ( iatiyar, 1955)» 3 to t*. cmff in 
^^^yprapQcnetais piorant ( laislHa, 1957 ) | ^^ •5 to 17 ©af* in #?rida 
l>allufcida (lial'ai srid Ilwahia, 195^ J and 2 to 3 « f in XTjlopfeidia 
annuXatra (Moonif and AsiE. 1977)* j^ -^i} ^^..:a^a of v. voxox taaiita 30 
to uO i^oat&t to oof%Xaw.a tbe oTii^r i t ioa, mid a ^po r i i ^ t o to 7 
ti^ ii@r during tba antira o^iporition pariod of 17*00 ^ 1,60 d a ^ 
onclar tho oortrtant ajs^^ariadntal oonaitioni* tm time tak:«m in a 
cor^-iata ^ t of ovipotition f^tuB fis*o® f^ i^eciae to ?p©cles and 
d©4:^ :idt' Ui4»n y>a miiioer of 9gi.M l&X^ a t aaeb ovii^ofitio'a* Iqbai 
ttnd ,ft«i25 dST'*} recur<^4 that 2 to U tioars vara refiaired for 
r i..atbagternm peragjoiferua to coj%ieta tb& oifhi^f Itioiu ^hXlm oalf 
^1' to oO ^n*it<if j>3f trlIoi?iAdia a;i.iaXai.a (.:ojnie aid AeiRt 1977)»^ 
lafi 
fMr V(:^l&tX&a In cloretjLoiit imvovor^ do#8 not oorrarpoM to an 
&Lx>ft nttgligi^lo ctt.i£drfi:us« la tim mmmr of ogge t^i^oeitod at 
each oviponiioa 1^  i ho so t«o suffer eat fp< c^liie* 
T^ ttmporeture ai foots a^ ito^ a^^ ion m veil as ovipofitloa 
la ^ velo» i &!>• tii9 offectlvo r ii:igo of t&ii^ o^ratiiro ior tl^ 
laatiffration of tlae laaalof? le 15 to ti^ CPci and a riea la tami^ flrataro 
witiili!! tl4.f ra i^ as^aiiat tbo oaturs^lo£i of i^ ^^ ada* '£im i^aalat 
did tonnva at 1(A^  for a tbortor 4,arlod l»at fallad to ovlpo^ito, 
lim of foot of hwEiaity oa the abo'va aentloned ati>«etB la elgrilfau 
cant only et the big^ )@r mtr&mt of tbo rwrvXvaX tam^araturo l«a* 
h^^c m&t9 ovii^ofltloa could ooeur o:ily at 90j; $1 it.E* It a^ay &a 
emgs:ertc£d that Bv&h a blgti la^^ol of ba;:iildlty redaeas^  tba deelccatlog 
affect of t^ uch a islgb tee^eratare md «^ <»veau ttn aseaeslva loar 
of wator £rou tbe Do4y vmel} ot^Si^vlte affecte tba addulte f&tcOly. 
Xl}e .'saturatloa afid oviporitloii both hava a llm^ relatlonrblp ^th 
tim t^ 'Siparature* imim^r^ It It l.iter©stl£ig to oota tbet a 
bu^ldlty lairel m:-to 7 0 ^ $1 ii^ii* aooc not oil act t ^ oinporltloa 
pariod at ©ay level of t^ a.. era tare mt a I'ilgtier level (90 j - %• Xi,t%,) 
Bty&r%9m I t e l l ^ b t l y . 
It if quite pro&aHl© timt uad@r &oe oatural coadltloat, 
wi'iUib tfould oot be ar rigidly ooartant a£ la the le^ratoryi the 
eifeotlve ratige of t&is,..eratare for tba ^^tor&tloa of 89aade« could 
lie l9roa4eaed« AS Dudley (ISJUI) found tii^ t^ wbe eroi»ded fcfalru>oero^ 
at rigidly controlled coarteat te^ .^aratiire of ^L %?ltl) tij.X Qtlmr 
€0.ridliloar i^^ Mapt €o:irt&'tt|i failed to ^^tore for ar lom aa 
1 ^ 
feven %o ctigfc^ sioatbs and Uma di«d« H«a«e developed itm fi&tml 
ptak colo^rati&a laat %^^a i t ai£i|pp9idr»d| tbojr did aot liecoot y8jJ.oib 
Dirr&ciioa QX yie ^ei^ioliis ri^ov^ timt ttio j^olis Q«^ p@ar«d i n the 
overiol^f imjcb lat@r ^sir-iaoi^aliy aod i t i !;pa;'ititjr vm ^tXctmt* 
BmdlU>a (193i»f 19^0) perfox^:^d ^ttea^iv^ ^xpoririBataX \mTk on 
jU^ao^ta aM rchirtoeei^ea witb irc^'ioiit eonbinatioiis of t ^ i>^a t i ^9 
aod ^»niditjr. Xb@ eliox'tast lamturatioa ««riod lor l^acaria vss 12 
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days at hfPc witb 76 '^ H,H« %rlmx-9 m. i'or rchirtoeeroa i t av^agod 
17 dayt at tbo sa0@ tmi^iditjr ibat witb 3&«7^C, li^eeo h ig i^ t t rftt«@ 
oX aa^ur&tiofif ho!if@w7f raisiXtod in %)ao t^toortoet l i i « % a ^ T^ 
tbQV%&^ mat^at ioa period Jbr t\m l%aals of j ^ ^ f ^ vii^ ^m%Q j 
0.31* day« at t*$®c witb 90 j ^ 5;^« iWH. l^Jaai ««id ^sia (1973) i a 
r para0iai£'iaraa oliaonmd a raduc^ioa i n a&uur&tioa at ve i l aie. 
oviporition i^sriod witb a zise i n t«im^^ aratu:^ '@ tmd aL^o that tsiiaidi* 
t^ ^ d not hava any cl£,:iiile&it aCfootf i^hioh i e contradiotory 
to %tm preeeat iitiditige <^#itft p^atya ir©l0K (Fa^)* 
f ho variation i a %im siso and -' htsg>m o l th« ag^pod i e rs latod 
to t l ^ taairtiu'ei ttse food of tisa i.>6roats BM tJbe tmno&t of ogi^pode 
l a id pi*avioiifajr ( lorriei 19$0)| ttie ^uo ra of Urn mlX <lda2iard« 
19$9)f ^ t barl^aliy i t i r tlae tlm m& t l« msslxir ol eggs i n ae&h 
pod which in turn d^tc^r^iine tb© l i s e oi' tiie pod* !3)o £iu@l>@r of 
ag££ i a ea^b #od ur a cl^itob can, .'i^iii^ exceed tija to ta l miiater of 
oirsriolo^'f aM uruall^ tr«ara i s a good agraa^iaftt i a tlie ^&QR amUser 
Qi GPtvxtaim and of Oige i n a eluich (Hicm^rde & t^iloff 19$^)* 
/ilti»ugi) 220^ of t ^ e a ^ i r i^ id grM:^gboppars (Gi^^lbocarinap fiod 
Aeridin^} mviM lov og^ ^ ma^oors, j ^ t %m olu&cfo £is»» i r of l i t t l e 
13© 
tasoii0c24e iriO i^o f i ^ e e l^ te l j r ro l^ tdd spdciet aoy hav^ irerir d i f f i ^e f i i 
mmtmrB •!.• 5 to 13 i a soejLagtaaruc ^eiKteoW>g &-^ 19 to #^ i n 
a£i4 0*^ to 0,9 «is i n i i^Ni&«r| bairi i^ «» to Iti- egge p«r |>od« fl'ie 
«ir#r@go n i a ^ r &i ^g® p^r pod ie i'oiyidi to 1i« 9«00« &nd Urn airorsgo 
nimbef o l ttg^pMt j ^ f ^eaeio in <»»20^ O.^'i* fb» t o t a l mnals©!' of 
ogii i l® i4 Ikf A i taalo i n l i t oa t i r * r&pr^m&Wsm U,i% ( fem^idi ty) 
i t %*^*Qj. 3.9a &t 30^*- 1®C ,s i^ 70 j ^ 5?^. iUl i . i ^ J « fed on Cynod&ii 
d@ t^jl<».tt» I'll® .^ ^Mbtr of eggt l a i d mt o ^ h ovipori t io^i rftialned 
alm&r t miaet^ aagoS i^to ttm tMJtd o 'v i i^^ i t io i i f toyoad w i c ^ i t 
f^oli:i@4 gra^sUj^t tter@1^ paittlf ^ i 4 a i i i i % tlio fuggoi^tioa aail« 
^ ;loi*ri6 <1^0) rogar4i i i i t ^ i b ^ s md r i s t o f tli@ og^poae* fh« 
prostat obrenratioa® f^^i^ort tli« oaoK aiaslo iiy tioriaapty <1%9)f ^h© 
roportod ft (lecliiio i » Vm 6§g le^riag e^a f i i t y ^ t h tko &i§va»o® a^e£it 
of ago i a Cfeortfel^pitg taruaaottt, i^ bo iot&X misi£»@r of lavage l ^ & 
i€'3^@ p r i a i ^ i l ^ dopgncl od t ^ i@agib of t te period i^iurifig wl^ioli 
t t e I'^tialo eontimidd i i i I '^fodygtiv® aeii'¥it^« fho mel^t do@4 t ^ t 
^ eo.:yiidi«v«if r i f ic t & f i r i ^ lo ^ y l a & i o f i i s f i i f l ' ic i©at to enttire 
r ^da to i i f ^ r t i l i ^ t i o a E * 
ftie leagtli o f t ^ mdult l i i a &£K1 of tbo i*&proi^tiir@ poriod 
KT'O af foet td hf m%®ra&l ^^of^iitioi^ i a a r i ^ i i© r ^ms' 't)^ tb@i» 
@fl^<it on i®Ctt:idiij ar@ (lii'f#r©£U^ caamilft polHicidii surviviiil at 
37% foy oaljf 1 | , ^ daf t , Imt ^ .2 «g@.pods i^ar fesale y®f^ l a i d 
f i r i n g %tim% %lm»^ ^^mrm as a i ^C tm l i i o i^an w«^ doiaialad 
(31## 4a3«)t ^ * ® ^ ^ ® ^ agf-fi^d .*;««" ifciaule net l a i d CfcdrfcoTt 1930)* 
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2a j££ttitft tb t ^axi2gi@ misiber of •ggB p#r pod ej}4 ol' vlal^le ^i^e f^ftt 
obtaioed at a co.ieta.nt taiia^^f&taro of 2&«7^ fi£i4 l a Fcbi«teoeroa a t 
3a«2f^» lA th@ case of nuottaating te^oratureSf lKnr«v@rf tbosa 
optima ffire at a ooruiiderabljr Xoi#&r aeaa tamperaturat n&aaS^ 25*1^C 
for U>€?ugta an4 23#5*C for ffcliirtocegea {BmnilUia^ 19S»0)* It^ »«3l arid 
Axis (1973) s-aeordod tbo bi^hett ioeuridity at 35^C vl tb 73% B*H» i^41e 
Urn qptiiaua to£a|.«rati^*e lor tb« rurviiraS. of tbo ogge ima 3€p€ in 
£ t yag^iaif^nia* iba pr@ ae.it os^rimentr »itb gxy% v^im fab* 
rov'O&lod tbat tbt fooufiility was aaximuia at J$^c a^ii 90 j 5/^  a*11« vl^ore 
fasi&i«t Xi'Tod ior 29«? j - 1*^9 dajft £^4 la id o t^.PO j 1»i^ P i^gt at 6^ 
average, vhiXo at 1^^ v i tb tha raaa iMisiidit/ i t liTod for %UW j 
itS^ dajra but l a id )»7»00 ^1*00 agiCf a rsduotion in iaoandity by 
a lsor t 2P$» h rim in te3a|>«3Paiu^ -a from 15®C to ^**r proirod to b© 
fa'voorable for tta egg prodoetion bat tbe lecundity got adv«^reoljr 
ai'ioctiid b^ r a lurtb^r r i t e in tbe taaperatore* Hiivhar bmaiiUty 
(7Q^ > or 901^ ) was favourable for bigb egg production and especially 
ro at tbe v^'^r (BXtx^m^ of t«^;i)eratia>e l«e«t h^^C vbore feeundity« 
tbotigb beLgiily rtOuoed vae f t i l l real ised only at 90 j $^ lUll* 
It the adolt period of a sji^clea in nature o v e r l i e tbe 
unfaimura*^ (oold ^ dry) «e@fonf, tbe l o n ^ v i t y of tbe adults 
dDiitindt p r taar i ly on tboir ab i l i ty to rorTivo tbo a^tr^ae cooditionf', 
lor es&ml© toe :a@an lor^ tv i ty of Cbgrtbippog brunnaue t&mlws in 
tbe l i e l d in i r i t a i n wee 3ii»«$ d&ya bat in tbe laboratory tbey lived 
ti^to 73 daye (i^ier^i..rde and iHkloff* 19S^)« Adolt J o o f g r t w i w 
jgroecamii in Cyptut^ luring tbe t^y tu^a^^r i^'riod rurviTod for i»3 
in t ^ field @nd t;^to IH^ dayt i f iiept in cages and gi^eti f r o ^ 
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%im mtdXtMlX%9 of lo04* 
x'^roduetiofif ooe ii@~aa.4 ^K^oet t^ wa to ^ s@.ii^ aX2^ lo^nf liiy»4 tb@fi 
f@mal®i« tbli^ b&Xilt troo i&t (^ya yfeto (Fat>«) ^ic-re amiee at aa 
at^araga fu^iifed lb» 39*80 jf 1*57 4®y©, vblia the * m i^alae i^r a irtiorter 
peridd of 29*9^ l«ii 4ajs, f^ i€^* availabla data ara mn%r&4l@%0Pf 
aa tbe a^ult ^ a s af ^tgactoBwargbf craaulata ^irad in eagae far 
a§' to 3d degrt <iii^  i'e^saes far 30 la a i <la^ ^ (Agramlf t955)« 'i^'^ 
i ^ l a t a d 'ioS84ae9Pi» m&kafi in ilia lalioraircirsr XiTod is«»*^ aralXr mscb 
« n i i i » - i i i i i l i r i I m i l l ' — 
2&-^m tbasi the I'amalary tba e^ @»im»t p@riad racordad t>@ing 310 days 
aa aiai::ift 137 for %bm ^^mmlMi^ (.lorriCi 109)• on tbi ot^ i@r h@Mt 
aalae of m^tt^m in tha ia^oratory ai.ire4 for 7i to 99 ^^« «i 
agstiart 202 to 3(^ 4@jrs for Um r ^a lo s (i l^^liair^i 1937)* ft»iis a 
ga^raiismiioa ea£i iosrealy l>a m^Mm Bmmmr^ Urn tliflar@?3ti8l risrvi* 
val of tha t»o tasas ma^  iiaira a str i idni al'faat on %tm adalt r ^ 
rati0£ i s tua iiald pofalatior^rf at mt» poiotadi out ^ PopoT (19^) 
wtso raoc^i^id that in ii^mtara mttga^st of iciiiitoaarea tiia Bm@B §st% 
i^proxinataljr at^ai in aurii^^i imt t@i.;i^ 'is. tua &m of oiriporitien 
parioS l«^al©i i ia ofl' i^tfore tlia aalae« ^itli a i^iylt tbat tlie rtrimns 
a^ia la coatirt aiisort a.itii-aijr of sialat* Ii#l4 r^ecris of tba tax 
rittio in ^opvUmtij&f^ ei uaeartain m&f &9 iliarafora of i i t t l a 
¥mlaa» '£te 20iiiavit|r of tto ai^iiti of ^ iralo8 imt a^ia^im at 
I5*^ r ^ad 9itlJ@r aa iacr^aca or aaoi^ aat© ia tamp^ratiird iliorteiaMiMl 
tti^ lii^a rpan* l^ wo'trort i t was int@r@itl!ig to aotm tbat a da^taee 
^F f|®€ rafiiit@d lUi a mueli proaoiiim*ad ^ttortruing tbtn vat asurad dw» 
f33 
to ari locr@itSo by tt^ tiuse mmom &i oegrose* Urn bu^aiait;^ ai'iCMBwod 
t l ^ H i e B^&n Suvmx^ikL'Sf oiiX^ wboa i t WSIJB l.mmBmtA i«oa i#-0^ ^| iwi'* 
to 7C^ ^ or 9<l- ii»H« at azt^ leirol of t«iii.^atui-o« Ttm ris"viiraX of tl)« 
adult VQC alfo ait'ootod in tbe s io i la r a&arier an th® r^aturatioa* 
I'XghesBt pm&ifitsi^Q o£ stLTvlval wae o^ai^ied at 30^C» iiolov or aao¥« 
tisit t0^:iroratiM-e i t ^oUtMul gFB^iu^I^ bat t t i lX t ^ eitrvivai rari^o 
of tOia^etrati^re ^&e g]X'&i»eJr a^oiig Us^  ac^tltt tlian tDo ho^pso^'aiid 
&4£o tb&t tii« t'urirlvai \mB aStmlmd l'avoa£*aiily 'o^ tria inereacod 
lu^^J-dit^r Qt AfQr t^^«ratur«» i t vee aX^ r@Yo&lod that the lartialet^ 
of Qsyft 'tciaox gro bettor r0£4eta!i% towards tb@ adivorso coti^Htiofir of 
t6rj:^ '>^8wiiro and t»ai^dlt;$r tb@a tbe aia@s» ibe i^robaaid explifti&iloiii 
f<^ tl3o favourable e i lbet of tiigb biL^ditjr at hlgb tos^veratiirc e Xier 
i n coa.'it^rafitlag tbe aecioeatiag ei'leet of the higb t©i^>^&iure»-
tim esge oC j ^ veX^ t a a i^d are ge;ieraliy arranged In 
a4»rigiUb^:ial roue, (her^^or (193^^ o°oi«::rvdd i a QedaXons aii^rofasci^toe 
triat tl3e eggji mmTn ^rmigod loiigitu^HnaJO^ la rows m^M grompe of 
lour oaOb* l a ^ wleg (i>al3« ) tiie pod i r ttru&£.ljr 2 to 3 chapaored» 
%,b& mneai of Miiich .^o4iit.r upwaz-as 'Vl^ llo i t e o'&so ir- rotund ^fitb caioro* 
p^iar «:»as of fcho ogt,s poiutlrig do^riwarcis, Cbsijufea &.id aoliertfoa 
(19$*^) i.i Qodaletti nig^rieoiif obrorvoa that tlio egg»i*oi \ia« o to 
1^ I'm loagy MM.!® ^iiig lotiNgtb vc:6 o to 3^ £»» mUP f^ *^o liilat@rally 
rj^Kotrieal with ^i:t|;lo irertiocJi rcrioe of, lour parailoX or r u ^ 
para l lo l rove i a a pod« 
ll'ao @g4i,s of Q» VQIO^ t i ^ laid iJi ;3adei'&t0ijr isfcap foi l fend 
are Foughl|r t^ ^Asu'ia £b&|^ #d ^^a^^log 0*3S^ csa lon^ sad 0«11S <^ 
ifi diasietor, siie frtttjiy l a id ag&e ai^ ^^ellov i » colour whieb 
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otiajngof to BJLrm% }3^mm ^w% t^o or i^hreo daye oofoi^ ha tc i i l i^ 
moa$ ecridid© tbe oggte len^tt) 19 iifuaxly aoout h u> 3 U ^ s i t e 
diai^«.«^r| though In Euthyetjra ta# re t io i r aiMut 3t 'ft)il© th© aggt 
ol ^crida are atsout P ti:%t at long BB wido < llai'eE a:id XbraT^ imf 
195^ )• roarlderaluo individual Viurittlon In the og|^  elso occure 
mi& tmv&&9&r & rubetaatlsl Incieaeo In tbe sls» during th» Qourii« 
of d0V6lop3@at h&B h&&sk reported 1»y covoral vortsors lllso EOom#sil 
(193g»a) in locufita migratorla« isai an axt^eptlon to thlf gaieraHsa-
tlon bBB b»@n r<^ort6d ^ rintlov (19$2> wisare i n lev hlglOy xeVG^bXm 
lour f.j@cles lllsa yaatlslg yuXefcri^enftia aggs do not lncraa£© In r l s a . 
In eoso of ^ TOXQX ©ggs l:i>.reaeo to u«Ulo ca from b#39a ca l a longtb 
aiid 0.132 ciae fro® 0,11^ cm la dia£3ett;r after 17 dayr of l^iculiatloa 
a t 30 4 1*^0 toiap* with 70 + $r lull** whlla tiio averaca Inculi&tloa 
period for tha ooQ.-lota d«volopo%$nt le 20«o0 ^ 0»*'^  d&ys« ^.nd^r the 
r@£H3 toaparatura and hUL-oldlty conditioner* liie chorion haccfeiar thick 
with pronouf^ed gr&nai.etlonc, t/hlch could @^ a caura far the eh^^nga 
In colour it-oa ^aliow to brown. ^aaf^hlro (1935) In gsya ^ c l n a 
re^;orted th© Incubation ^ r l o d of It. to ao day« at 27®C and 35®€, 
^nile in c^ya yeloat i t tra© foa:id to &» 13 ©nd 19 d&yr at the a^va 
!%fitloied tasiyorotoroe* Iqbal &ad Aale (197^0 repeated the Incuba* 
tlon pariod wing 20 to 22 days l a ^^^ -^atiioeiernuta parac^lnlffenia, 
vMle in xrllophldia annulKta i t was 1^»** j . 1.933 dayf (J^ oorilfe and 
AslSf 1977)• ri-3liarly the r ^ o r t e oa&sined iroiu faverajL m^rlaare 
ha%e haan of i^ilta una^ual v&luey hove^ori I t It interest ing to 
not@ that a coiaparlcon of IneuOstion t'O^iods of dllfex^nt ?p©il@e 
at a rea£-.o.iaala tiu%m of atsout iO^( to j^Pf tto'^ ff avi-9ra::»tiy th ,^^ t 
ti^a IfKuhation parlod of '^h^ixy fp^-^ieci tend to be on the vholat 
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f a i r l y iiriiirorm at &iamt 1U to ao clayr (.^ivefoiTf 19b^)« '^ Ise &Yiirae:« 
.-©rcesilieii^e o f bctchiag i n j^ VQIOK a t 30 j 1 ^ - ai%a 70 j % K»!^ 
A&@ inoubailoa i,'oria<| as v@14 ae the per<f&£itai;e ot hatehir^i 
i f ai' icicted l^ jr t l i« contsct cioist4ii-6 l e ^ o l * I t :^&y cixeo b@ e-oggeeted 
t^mt I ' i ra t 10 days gi ' ter tl%8 imlgafttUokf i r th@ i : ) i t l « a eriMsieX 
Xjoriod wiidn e tU l i c i es t ooatoet laoictur® i c Piecesi^ry f o r t!i9 d«v«ao^ 
sieat ol* th« dgs^t $i:i# v a t ^ fOx^^ofbed Dy tfo« 0£gt i n th« i n i t i a l 
f tagdfi i e eo^ i i c i ^n t l o r thd coiaij letioa o f t i jo daveioi^mdnt* iiDuo'verf 
i t i s Dot t rue f o r tbo ogt-^ et &ii tbe iia^i^uni p « r c u n t a ^ o f hatel^dng 
wmfi obtiSii^iQcl wt¥sin tl ie oj^ti^sua t^oatw^t ^aoi(%as*« l # v o l (ia^.':} wi^-
proTidod t t roughmit t l i« incul»&tioa« io^or or b i ^ ' n r l e v e l t l ian 14 
o f the ooatisi&t Esolriure r e ta r i&d tbe r& io o f devolopuc^at t l i g h t l ^ 
i ^ t i t t O l ive t oa the pf^rod^it^i^o o f imtcli ir ig yim m»rd ^>so'ii:iar^* 
Xlse ogfcC fa ixed to featcb %% tii® p i i y f i o l o g i c s i l y dry £-oii« f i a i i o r 
ii:%dliigE bavo asoft report^-d ay rcrt i f i r (19^9) %ri.«ire o hieb porcerstaae 
o f ta toh ing WM oat©i.»d i a aiodaratoly d£ja$> r o i l ttiafi l a tlio tiet or 
i ^y e o i l * fho oxi&@arioa i a tbe i i icu l ia t ion per iod doe to the d«f i» 
cioacy of wat-yr bar. tsooit report<wd Sgr iMsaifl o t el» ( l ^ ^ l ) i t ^ 
rbiaioir aad renar (19%>1t 1%3} ^^ Li i ^ l i S £ i l ^ iteiiloir (19So) f a r t * o r 
ropor tod aa osttiiieioA upto ti«» rjoaibr i i i the l i ica l ia t ioa por iod o f Ilia 
©g&e 1.1 Ao^gidiiEa asgyji^ti^gi ^ l i c h oi ,£jor^to Hateu i a 30 ^^t^ whoa 
tiler® i t tm wstor daficieacgr* 4;towfctirf tta© pn^eeat e^i;*®ri?jeritel 
work d i d £iot rcrvo^ ru^h a ps*onoa^> od pro longat ion i n tins l i ^o iaa t ic^ 
pcs-'iod ciio to li^ &tot* ( lafici&noy ir^ft^^ad Um - i ^ r t a H t y X',^^em&& -^ l io^ 
l^ro^aUy i r id ieatoa i,bm f : » f c # | i t i i i l l t y oi* v t i l a a r a l i i i i t y o f tHo 
tn 
tlie 4 a i l f rat« ol' d@irolc»|^ i@at and ttio psre#iit@ge oi fo&tel^Lsie* i 
ai i l i^a r«ilac%iim %a itse p0ans#atag« o f batcriir^ wm @^«nr9d at ^19 
«K'tr«i^ t#m»tratiir«6« Slid i^^ stxiiMs p@re#ntiii6 ima oi^taimNI Q& J ^ 
trji^p ]^«tif««ii t i l t t@iiiF<ira$ i^re aoxl tl»@ i«IJijr r i ^ « # f dev@i^psi8fit« 
f ^ incr^atiosi f ^ ' l o i I t r ig i i i f i iCaat i r iy''l'eet«4 l^ y %lm cbafig« i a 
t3@|i>iar&tytr« tet tii» eofitaiBt mi&ie^t&@ ^ e e £i&t tmm my s lgoi lUemt 
@ffeet* Xli* effeet ol' m>^i%tm% tmiBt^^rm al«iii9 i t 'aii.iis'ieaat Q(iX$' 
at tlio m^tr&umX^ bigb td^^peratore ^jer# g i e e ^ ^ mmh^ o f ftgge e@iil4 
coi!^X9ta tb« d0VdjU»i^ i@att fti ttse ^ t s r Imi iu® t# NLgii ti^i.^^r^eitart 
w^ pTi»ti@M.y 0<^i^@:iffitd4 i)^ i ^ Isigfo eo^iti^et i^iri%ire l# iPi l , C^ a^s 
iHiat stsilX-^ o)»e@rv@tioiif ^ t@ ^#£i m&Om by Gt&ml m^ Jitwal (IS&I^) 
ofi i»<^AiatiDg tb@ eggs ^i cw&ttf^mm tgae-:tijyt®ru| ^ ^ i T e r m t 
' l@%'el« o f t@3£.i^fttyr« aad itetioliitjr, i'^&nd t b ^ the iiical>@ti0a ^« r l o i 
v&r lavsr to ly p'oportlo^ial to %t® r i r o l a t©£$> r^&tus'i» but t»ii34cll.ti@® 
b«ittf@«» %i< a^d t«|^ :' did not te^o aiijr a igni l iea^t oiToot. itmJj&t md 
f©:iar CtSb3) 1 ^ j^cloitgfcBru^et iMitter JOA^B C1Sb*0 a-*^ l i ^ J e i iui4 
* " ^ • II HI nil llllil I rilii m r H t e W M W * ' ' ^ ' " 
fiki^ »8t (t9«^0) i>^ ^ Jji progarin f ^ m i t i iat too Imi or too £4|^ t'aoirtiM^o 
l«|lisi aaa A«42 C1973) i ^ J j fyiDei:ii.i@jpiffi &ad lOJaa sua AdLz (1973) 
^^ Q@^#3^^ | ^ * ^ l ^ f ol»sarvo4 a d i roo l aad poiriti iro «fftert of t l i t 
t.@®par&&iir« oa tiio i«¥@i,opaDiit oi «ci^» 
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'ib© ©xporare ol* tim is^s^tily l a id egge o i j i . vgl«s to Uzm 
i'Xirttuntiiig t«i4p@re'«'Ur#s r9i;^al«Hl \.hQ.% tlie Xon tt^s^erati^e x^tar4e 
tim de^€ilo^£a«nt ^ t WI:^ A I t i r ai^tarM -^iltb l ^ h tcoperatui^e i t 
m%$ eM & etimj^am^ lor t£)0 m^nMi^mat of t l ^ og^s» t i ^ A £4jort@r 
oapofo '^fi to lov t4^^^?ftta^«2 Xe m etrooger rtlEsiului for tbe ogge 
iwi,-t a t blgti teuj^ >«rat<^« .oibf^ x'wiiMi, tijo ra^ '^ o lov or high f t lauladrtg 
t@i3p«rcitur(2£ tiirn I'atal II' &b0 t4@« of taipQtm-e i r ificr^ated to 3 
da^* foraov^mt e i ^ l a r obtervatioat <^er© ^m*^ by Ijodisie (193^) 
on tfm% otimT ortbpptsra* 
M l tl")« Djmpiii isoa & sinigie 443d m.mrg9 in suaotit 10 iii:iat&c 
aad ih«ir ooToriog iBembr&rie i r east of l ^ i l s tr^^lng to uriggle out 
of tb@ imrrotf* IhXM ia^'oreno in the j^aet wm rogard»& ae tke assaioa 
but fh^an (195^-) dkieoili^od i t f for^aiion aoriiig t t^ 6ml:rj^iiic 
do^lopaosit a^ id iiaoo i t i s t/itbout coliulsor- struotu: o aad i r e 
it 
tnui GUticlo^ i t i e eallod at i.'rov|.fiofial euti€i.o« xho -mrmX^orei 
larva ie tliereloi'e.a real ilTBt iariair, ructi a ftsoelca ica© i t 
givaa to avoid eafii'msion i a f»;uit>@riiig trjo lre# )iop,-or im-tare 
(Ovarov, 19^)* lb© ^erai ibra larva of ^atya J ? ^ "^'^® slrea,dy 
b@@a da6cri.9ea« 
iti© mmo&r of &opi,'#r icir^tar© rjiaj' varj* i r«^ rpecies to 
£V@ciiit in /icrldlda £^ )d ev^i motig tt)& individuiar of the t©r^ 
fv©tlag, fiieio ar« 0 nympbai iriftare i a ^ wloE ( reb , ) nitia th® 
aaaa a^pha l doratioa for isalaa aa4 faaaiac &@ing J^.CO^j. 0.39 d©ye 
&id if1«00 * 0«M days raep@otl'^ttljr* £oJa ti.ij#e an aiMitio£3t&l ooult 
va£ o^sarvad asoag tbe ie:aala^ o.-ii^ r^  as h&c ciro b©«!} reported W 
%m 
Lao (19ai)« i^isasbiro (193$) and tmimm ii^Q) reported o l^tare 
la aoXee !^id 0*7 Irirtert In igm&JL&B maag J9^^ epp« l^dge (1933) 
rei^orted %h&% en additioma irtfter ia ^i^ididt ir due to tl« dlffe* 
restt rise of amle @»d ie^ia.e Isopj^ ex't* lie reported iurtijor Um% Uieve 
ie £10 correletloa b t^neesi vD@ extra iriftctr aad food or ses^ vtiia« 
^jr (193t») estuii^d claat ttie eddiUonal itirter ie ea Inherited 
cl;M*a&ier^  and te^eratUiO or reiatlire tsaaidity ii&t no eilect oa it* 
Ibe differ oat iip^iiaX iat titre could be Ide.'itilled oa tbe 
barie of tb» laody risOf e:^eii:mi leagt^i esteriiaX geTietiai.a and the 
wlrig-pede* purine reeent ^ar8| eo^ limilar obeenratioae baire Iteen 
made fc»r ^ toiiiou (19?3) l a or;%itli>ogis ^arbida, vbe e be c^eerved 
o aj^ tMLl lartara yitts the trials Aysi^ 'bal period ^ r aaOee aiid feasle£ 
l»dlag $9*9 J 3«IB da t^ aad 7f^ «7 j^ 3*2 da^ retj^etlveljr* £^lial ©rtd 
AslE (197^) til CpathotteroKa ^araei^^ieruB o^eorved o oymphal 
i;if-tar« fedtb 37»5P ^  O^ S?* dsye aad *»»*•  25 j 0»f!P3 da^ an apipbal 
^©rlode for a&iee a^ id i^e^ aiOee reipeotl«oly» Ha^ eed asid Asle (197$) 
re|..art#d ^ to o Iri^tare la aalee and a*7 lartare in i#ialee of 
yettriiaie^fiiif traocirerettii^  tiooale a.id Asia (1977) : eported 5 ns^ pl^ el 
lae i^e In lioth the festet of ^•rllopfaidla e^A i^ulat^  wiXh the csea:) 
iiT'^hsi auTatioJif mXtvg ^m7 j C,99** ^^e and l*0»** j - 1«5a da|ft for 
m&l&$ Mid i^aiOse ree|i©ctlv@ljr« 
!^ e;2perat.ure aad lia«iy.dltjr iio^ l»i^ e a rlgnii^le&at effeet on 
Uie rate of de\@ao|da@£it aad $ar9ivaX of tiae boi^j^rt, Efiectc of 
' t£»3i,'0ratux<e @Ad Iwaidlty eteuld ^ dnecueted togettmr aa i t le 
m^9ml^ 41filO)ja.t in tiie experimental i«orie to reparate tbe tm 
ietiUis'Wm ttm varlatlaa of t^ r@iati%e by.'iidlty ^ t 6 tbe t^^eratur® 
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ym-e Tilled out idtii feba tmXp of tba coartaat taiaiar^^ tiara room, | « t 
topper metat^olism ie pot^ltsay aJTi^stad iaora toy thm vatar coatoate 
of tlia food TcWMt %iian him r«i.etlva bueiidltjrt ybXeb ma^ r lAllaosictt 
tha qua:i&xty of tba rood ooneoaad aad tbaraforet tba rata of git»ftb« 
Xbo fre(^2ant t9pX&i@-M.at of tba imt^h iiaad lal^iilfad tba laeear food 
coj i tu^t loa afxact on gfo^/tia vbicii oUierviaa ^tiXd be avideat dua to 
v i x i i i g of tha laa l at Imv a i r bULai.aiti«t, lairerthalaee i^ ba axto^w 
riira at^ariiaaital worn coad^tad ay Paricar (1930)| Hftailto^ (193(»9 
19$0)| I l u a a l a e t ^ . (1S**o)f baucvla (19*«1b)$ Kban (19t»9)t Dudlay 
(1%1>t Grawal and AtwaX (19oS)| Aritozilou aid lioatar^aooas (19b^}| 
fradban and Paetwa:!! ( t % 1 } | s'artbar ( f97 t ) | ^m md AZIB (1973) 
arid IqbaX aM Asia (197*^) oa raveraX ecrldids rovaalad a elaar 
Bhortafilne of tba trotaj. oy^baJ. ausatloi a»d an aecalaratad rata 
of dovelop^aojit wltb tba r is ing toxa^jara&uree* 
Ibt ayr%bal aoratioa mBon^ botb tba aaxaf^  of 9^ya ve3o3r (f ab«) 
ie af i:aet«i^ d^ oy t e^a ra tu ra and t^ioiidity on tba rialXar pattarn. aa bae 
baaa oosartad i a otbar aicrlcada. I t «as longatt at IC^C and abortart 
a t 1*0®C vhlJia aona ftiriri.'vad at VJ t^ , An© coaditlona fbr tha cborta«t 
oysiphal duration sutd irbe siasiimum pax-oa.tt&ga ruririiraX do not coimido 
tinea davajiopsient vas fa^caet a t h(Pc w^ila tim aotiaat iK^rtality 
occur a a t 30»3$^C* ttmii&t obiorvatione bava i»mn laada by Httiilton 
(1950) oa iocuata eiid tcblrtocarca^ Contradicting to tha Haalltott«a 
Undine ara tba os^s^r^ationr mada by msifidnt Absiad and Matbur (19(^0) 
vbosa a3tperl':!»»at£ ^ r^ovad boyond doubt tbat ra ia t i^a btsi^dity bi^ no 
e l l act on tba bopi,ar d6vaa4»pi3@nt» i^ar t irtm tbo fact tbat tbe i r 
concXufion vae bat ad on \9Ty iav axperlm^ntr tbeta autliera providad 
boppora vi tb unliMted ipr«ao food, tbuc countar&etini tba af taots of 
%Q 
low air Itu^Odlt^ wliilo Elfii:3llto» iirod l'oo4 plmtB psrtO^ iiiltod to 
i^proxiriiatoiy tli9 a^iao wavsr eo£iV.atii« SutOioy (t%1) &yiro iouod no 
<lllXoroneo in tbg rmlo ol de-veii0£&i@2it of CciAet^ooycji hopp«rt at air 
i%tiiiiditid6 rs^igiag irm 30 to 9€^ i' ^ t tt3o bopi^ ors bad tftooee to tba 
^l£ild..ig vator* Cbsuvla (19>«1b) vXai^ ieii the^ r€-faietoceyo|t boppora 
aoir«»lqp^ beet at a r^iati'i^e biamidlty v^y clore to eoro* I t vac 
Dot tma^ts»m& ^imttmr sucb a loir XOTOI of bumiaity W&B maimr94. isM 
alto that i t &mJLA Ueseal^ ^ achieinsd in a eage with o£ie aide c^irarod 
wli>b ^ire m% a4iiitti% tlia out £i4i a i r , ntsile tlie fIcKMi ps^vidad 
wBfi l^eab graer of Xettti&a t4.tb tba stalled (out ri^a the aaga) 
in natar* 
llow©v©p, tba prefoat ^s^^i^matt yjtb qxya velo» hop;are 
revealed the cigriii'ic^ant al'feat of tlsa hu.ai$iity« It if clearly 
iriaieateS tbat the ^^wvlval r&.m& of te-^^^ature for tba bopa-eri i r 
aacreaced at U-C^v a.K. ar co;%are4 to 70 j . 5J« or 90 j - $y E«ii# irjo 
affect of bugaidity fuDttaitiaHy m>4X£y tba ai facte of ta^^ mature« 
particularly i£i tba bigrier raoge of tbe lateTt BB mmimm iMiber of 
bOi^ «.-ere oould tueeet^'tiHy rcimh tba adult etaca et h^^ %rith W^-
B«B« &n.4 al^o t^Bt the pc r^ceii&age ol' ryrvliral dacreaaed @t 7 ^ 11*1^  
viseraae rK2ae could ruriii^va even at i^ QPc t^^a tbe i&i^dity vae ais^  lov 
aa h^-» Xt was t^io re-^ ri^ aled that the tmx&is boppert iiara 'oattar 
re^itta^fit to tba a^agm^ ia tbe butalcyi&y ae comi.>arad to tbe i^ iala 
boj;>i^ er£« Ti^ could ^^robably iia doe to tba difiereaoa ici &be i^iaa 
of tbn tuo saxee* 
%% 
loe^t^&tlon bets b&mn thovn to control the OlrtrllmtioA of the 
grars-lioppert botb ^y i t f inflio^i'tce on the microclimate %nA by I t e 
r ee t r l c t loa oi the lareot*s oiet* (atya velox (Fab.) bee oe^i 
rijpcME'ted to have eoiieed ae 3«eh afi 2C|1 dr^age to the paddy crc^ 
{Am^ 1921). A correlation oetvecsn the food plants and the d ie t r l* 
tuition of the gra^e hopi^are ha£ ^ e n oaearved i»y \ e e t a l (1913)} 
littbbel ( 1 9 ^ a & h)} i t r o h e c ^ r (1937){ tirqhart (19t'1) a.^ Cantval 
(19**3) In ^ r t h toerlca and Anderson and i^- i^t (1952) In loatana, 
The dir tr lbutloa of ^ jPeleat WEE iiaflcally ref t r i e tod to the 
paddy f i e lds , hut I t ve0 alro AOund feeding oa | r l t l o \ m aeetl^rua, 
mB Btayg and Fennlgetliaa tafpboidetaa tmong Urn c#r©al crops and 
i^ohlnocloa colonup, Ijesaartbrla cotspreg Mt, ."e tar l a ye r t l ce l l a ta and 
Cynodon daet^lon aoong the needt eoLns^ only found In the paddy Helde , 
f iace thle grare-ho^per If confined In I t e diet to one or eompara. 
t lvely lev piante, I t i range I t r e r t r l e t ed to t e r r i to ry ijithln the i r 
dlftrlbtttloa* riiaiiar viev va» held hy Crtddle (19B) i^» ftudled 
the biology and food hahlte of the e ra r f^ | . , e r£ In Canada, 
ihe breeding place lo r th i s graf thqpper I t the turf area In 
betneen the vater logged pate lies atid a l l along the rsii^ed boundary 
of the Held wtsere, ai^ert froa Cjrvo^a dectylon e gually ruoculent 
aftti palataoie veeds lllee u^ colomia, H, eoaiprersa and J . ve r t l ce l l a t a 
^ M M * MB II 11 III • » * « » • » iniii»i« nmmtmmmmmm -mimm mmmmmmmm* i i i iIMI 
©ieo grow, and tbl» rubEtaiitlatee the a l lort unchctnged di r t r lbut loa 
of the vory young hopt^erg ae waB obrerved durli^ the He ld runrey* 
I t \mB obferved that the ee^ly 1 irt«ff hop^re (1 to 3rd) ths^f a 
t»arii»d preierence for veeda over the oereal eropt bixt the prei'arenoe 
for t i ^ l a t t e r inorea^ed as the develo^^ment pro^esred* 'Xhl« le 
ikz 
c«rtj«uL Groi/J^ « fl»Ae i t Mty be migc^stcd tbat titie grste beppttre 
soleate onXjr ti:iofe pl&ite wtiieh are faevouralkle I<MP I t e 6&m2o^m!k% 
axid al to tlmt tbe i>r@i(ireac« for food ctmngee idtt) age, fimtlar 
obeervetlonE ba've t)eea oasie by Kt^bteoir C 1932ft a b) l a r i i jenen 
aeridoideei I'fadt (19^ »9*») Xn AJ^ el3Li<>t|i fcbarif (195*0 in Hj 
a^icamtf a.'^ d Misps dSyi^} i » £ s P0lltioi<la> I t vee iO-ro Ibu.id tha t 
q x ^ valqat c o ^ i e t e l y avoidecl to laed on 3rifo3J.ttBi ^alexaadrlgay 
wblcb vat cultiiraidd in rotat ion with paddy, licn^veri the hoppare 
a£ VQH &B tAm adiat i did not miira&e irom m&ir t e r r i to ry and ceold 
Furviire eacoesrfiiXly on weode pravioutly mentioned itslel} vera not 
jc.;-eriicui.6rly resaovad froi^ Uie l i e l d at jU aXasa.'^driautt bap^^^ac to 
330 a lodder cro|), Iq&su and Asia (1975) are of tl)« opinion tbat a 
plant if i^jreierrad on ttxa barit of i t s eueoulenca oatrl t l 've ir^iie 
and the palatabili ty* ihie oi>inlon i r pri^saxily bared upon tbe 
r@4eetlcMi of tbe pla^ite liiie t^lmm ii»loaglaai folaaua MgrtBa« 
fgcbaraa ofiiclaarum aad AWX^oteiim eeottlanttts by rpatbefit@ma» 
^araginif<iruEU 'Abit cor&taAtion Ir aot aa t i re ly Istttuae to c r l t l e le i i 
as %M aletaadrinua ie cai t ivated end ^f^ ae fodder due to i t i 
micculaaoei maUitive value had i r not tougb l a texture eithi^ri yet 
i t If to ta l ly airoidad by ^ y a v e l ^ (ls«b«)« Eanoe I t s^ay be sugeea. 
t«d tbat Urn i^raierenee lor a fy€» i^ ie plant U bared ttpc»i a 
' ' lae tor ia l co^pxax'* im lading pbyt^ w&al imtote^ ava i lab i l i ty of 
i-A a^£ita and la te ly tbe cbamiciuL owai^ot it>iMn» I t vae obeenred ^xtXag 
tbe pintent -««>ric that catya valox vac attracted ix» ^be food el&b@r 
b>' dietaiit cb^r&ce^tiofl or by t i a l c^ , or portibly by botb« I t 
ai.:^,#ared tbat no aiBeriMimt>toii could be im&» between tbe pr^tmrweA 
^ 3 
aad tim ttflg>r«r«rre<l iood tirtle^s a contact tdtis ti^a plant ««« aiada 
aM evan than i t taanmi that a bit® Into ttie pleat \m£ aacaeeari^* 
fucb an o^tonr&tion ^xob&Dljr rupportr the aforecaid oontantictfi* 
AltbQug^ tba t«icb.il^^ astiO-o '^td in o£#a£urin|{ food praiaraincea 
vat ^itl f toiantly mod to fboif tr^at 0»ya vtl<!|3t %t a aalaoti'Va rattier 
tbaa a genortl faader, a :^r« pracisa metbod vould hava oaan daslra* 
abla ai tba taebnique <^ployod was not var^ qua.itltatiira« 
Qh9BrfztXoaf oa the n j^rapbel auratlont rui^vlvel of .ij^ E^br^  
lecundity, l o r t i l i t y oi agc^s and tfc% loni^evlty of tba adiili^ l a 
re la t ion to difierent rood pl&ntr r*iiT9ale<i that ma i*n^rel^arra<l food 
plant bad an advarea alieot on a l l tba above sa^atJu^nid faaturae* 
!iba nr^pbal duration i r rrolong^jd libara Iood le ol a lov prei9rmi» 
t l sd valua and tbat. th<» iamaia boj^'i^re are aflaetad mora thai tiui 
aaia hop pare, f iMiar ly the gr^atar au^i>ar of bopp-oTE furvliFad on 
a pral'arred food plant , .^-ood Inilueiicag rfi^rorluotioa and etrikiiig 
difjTarencaf in the lacundity of ^ yal<^» fad on difforant p lsa te 
htA bean obiNirvod* nasrimi^ nu£ibdr of agg^podc ,J^ fam^e vara 
obtaiaad vben food vae tbo mixtsA d ia t vbicb Irnd big. v^ f t ^jUioi&stmtim 
t i a l vmXvutf contrary to i t , food of tha l^aft prafar@nti.al valua 
r«»(S^ad tba ag&>podi ny mX^mtt y(^« I t !;at c lear ly baen indic&tud 
tnat %m mmmr of aggc in &mh oiripoiition i r &'&BtX^ ai'faeiad by 
tba food and bas a po^itiva coronation %fith tba prtfarfinti&l vi;yLiia 
of ttm food pl£inte ae tba ^tdciaun idOj^ndity if r«aliead on tba 
ml3cad diat and tbe stlniiia;^ oa tb«! la&rt pr&l&rrad ona» Custilar 
©btGnratioa*' ba^a been asadcs b;y laufcer, crciae and l^ aeiaAr (19**5)» 
1M» 
Fiadt (19*^9)» :iosba.icb4l»v (1950), aerate ( 1 ^ 5 ) , l^ctetora C195^)f 
KaraXlaa (1%0} and Xqbal md Aais (1977 }• 
Xba ie elar of Qarya vaXoai shew a iiagatlva oaraXatloei laetnaea 
ttse XoAiOvXtjr i^ 'id tbe praierantiaX v^ilua of the food vhieb l a pft»* 
Xoogad on aa ur^rafarrad food* xhu^, tba t o t a l recundit^r ci^^jaare 
to dsj^and oa tbe x*ejLativa vaXua uf a lood pXaeit, both tor tha 
aarvival of tba IbeiaXo aod for tiaa raprx^dae^ivd aetaboXic actli-itsr, 
'i.km tifo off acta may ba vary diffarant alnoa Qxya %?aXo» l ivar muob 
loagar on £j^ tyytaoJLdXua, tiian oti tha otbar food pXejitr, but I t c 
iaciif^dit^ i r '^arj laucb raducad, vSblXa tha ^am^a^t on the stiixad 
diat hava rhortaat Xiia apaa t/iUi tha ni^haBt laciindltjr, 
I t^ :iioft intriguing ramtXt of tha prtstant vork v ^ that 
fecundity on a ^iatad pXaat diat vas bi^iiar than the higbaf^t on any 
l:idlTldual pXaat* Ihlr ia i a coaformatioa to tha ob^arvs&loiir 
iSiada by Fiokfiord (19$**)t oa HelariQpXttf rangalalpag and KeraXlna 
(19bO)^- on c liortblppttr aXboaigglaatga, Keafoar for iuc-i) an «fj;a«3t 
ara ooecura sinoa tbe i>X®.it saort favourable for rQ,,-i«oduction.to 
r«£.yL..i{ibXy coatfjiinr tQmtt aataatiaX ci^ai^i^ia uiatariisdei md a ^Xvtm 
tio£i by lePt vstXaabXa food can hcu'dXy ^ 5@.'}afici.sX« I t 1^. 
tbareforat ra^actt^d th£^t tha adisdUitura of l%ts v&Xuabla food 
ftlaui-atC'a iba faadirig act ivi ty oM ^mr^ foad it taRa£i| but 
potalaiMi affactt oi tba ^a . ' i t i ty of food oti lacuadlty bmva not 
boan tiudlad* 
^ 
mricmf tim pr^i^ant rtud^ bae Bhoyn th>t a l l p laa ts do not 
h&ve © p^aL food Y©1II« for pyy© v©X»» l-ab* ih&e© varia t io:^ iiay hat« 
been du© to diiidrenc©© In tti© imtrltiv© cfueOitler of tb© pXante 
tiiomeelvoe or da© to differences i n tbe qiiantltle© of food eaten 
by tbe i^ni£rboiJi.&rs or lioth* iioi#8vert tber© are o^xa© Indications tlia$ 
tb« different a© vere du« io the quality factor, Ibe pot l t lve 
oorrelatlon l?etw©«n tbe re ru l t r of food prelrenc©© and the resu l t s on 
purvivali grovtb and egg pro^ctlon« togathor wltb tb© observation's 
that (agya lyeleat f»d fre©ljr on tb© favourable plants and not on tbe 
unfaYourabl© oie©* ruggoets tb© Ixiq^tortanca of tb© quantitatlir© i actor* 
:i©'¥ertb©l©ae, tir^r© obeervatlonr do not i^redude pord^il© <|uaritlta«» 
tii^© dliferencee; i>elng at leas t i>artlaXly r&spon£ible lor tbe 
obi^irved dltlerencer In growtb and egg {.reduction, n.-K e I t ha© 
been obeerved that tbe early la^iar boppere of pyy^ v©loit develop 
bet ter on weedBt de.weedlng In and around tbe paddy flelde could 
r e c t r l o t the population to quite an extent* 
feveral ^ori^r© bave recorded tb© pr©ferenc© of varlout 
mrocte In a gradient of bumldlty at constrsnt tert^erature* my 
ii93b) found tbat tbe third fourtb and f l f tb In t ta r boppere of th© 
hi'rXem. migratory locusts were isioi © ac t^lv© in dry a i r than l a moltt 
air* igi^';edy (1937) fo^nd tbat tb© African migratory lociist px'olter* 
red dry a i r l a a l l parte of tbe buiildlty range at conrtai^ ter^pera* 
tar© of 30^c, Gttnn and Coivay (193ft} found tbat BXatta o r l en ta l l s u 
preferred drier oonditlanSy ^ t on dealt e&tlon esblblt©d a te.'idDnoy 
to becoiiie bjfgroporltl\e« ib© reveraal of raaetlon en deflocatioa 
ha© bmma obeenred in otber inreots as well* probably in ordi^ Ui 
^ 
e<i@l>e.if ate ior t ^ watex* lo£r , fliie coAte itio.i ime l>@oa rtipport<Nl 
Beactlonr oi" tr>o l»i?i..©pe i l s t to ott)} ol' ^ y e ^ f ^ *«> tlii?«© 
phyrlC'Til i'actcors o&aaly tj^|.^rattiB^'e« relsttive burniaity aid l i gh t 
hanv a#@.') etuciied i:i an alt@rna%.ivo buddi ty GhtmoQr^- deeigi@d to 
gi^a a;} aricloi^ed fpacc td.i.b gradie.itr (loif m%d high; of lK£3idit|r» 
Xhe tearetafcuJ'e 3CPf c^ id 1$*^ r %>©r© so ebofan a«,- the iiigii^r i t {pit© 
ctjort ol ti^rcaal di»aUi poiat , and tha lower i s wall ba -^ond tti$t wl'i@rQ 
rpoitafiaooi SHsi'va^ atfite would Da |>of?lt3la« tti^rehy affording u siaxiaucs 
coAtrart in tha- ac^-i^ity* ii:u.a t^ya Xfloar I r;<|}« liise otlk-;r e^rldldfi 
i r £>lK^toiropiC| i t s raaietioae tow{»'di ti^e greai^^t of ligl)t (i*dgh 
a:id loif) ware alfo r©».;or(^ d» II^ pro cent a^i^erl^jatc tior© hafad on 
tti® B^am plarif af» con'iut'tad hy AsiE (t957 and 1%1) on r eb i e toee r^ 
jrciearja ( iofsk) . i^oyaver, a aa^or diifercice «ar in tha ara of 
uadat'ioeated and ic^ d hoF^^ora oi patya walqa in ord&t to avoid @ay 
•.litt:-©read or forccNl reacti<mf ^ « t i i l i l r and ftotb (195^) o'otervad 
tmt 'Qrm i '^€ioi'&:'ioe ioz* wot region l>y eilultr of 'irlbaliuia OfeCtCtflmM 
wae revsrs-ad to a dry reectioa ofie-© who i:i£ec:te wore given waiar 
to driaii* 
/ a i the fix inPtars of psya valos srcj hygropafiti^e md ta-Jid 
to Piay i a ifoa wet feaif of ttw cbaauer, AH© reaetion ijacoaor evasi 
siore coil?*!?teat mm l:%t^m'& with a liXfb l igh t i.itoai^lty, bat i a Um 
id©:iiticta a^i^araiuc J ^ a t i a . Bbom a sor© latcfOfo arid co-ifirteitt 
r^GCtioa Ifl the op^-o^iia dlraction i.:Qna&dy^ 1937) aid slfo that tlia 
ti.'.i@ e,.:aiit aetiva if ol'Iactad hy S^ otb low mtd liigh ha^fiity^ wboroais 
1*^ 7 
Xn rc;hi!tocerca i t wns (iif*fer©at| the duretioa of the ac t iv i ty wae 
figriilic aritly ai footed by l igh t in tb© f i r r t iaf tar &nA by l i gb t 
&'id t^Sj^^ature Xa the fourtb i.ieticr boppere (Astix, 1997 )• ifOinuiai^  
(1939) cmm to tb® oooclurion f r t^ tbe iieXd o^s^nratlonfi tba t 
fcbjitocerca h^per® were active i a blgb i l e b t and l:iactiv« i n tbo 
dia Iigbt« iba obaervatloot on ^ vmlox hoppers agroo geiierally 
\fitb thoro of i^iinady, itm tim& B^mnt active &M iw^pin^ i s 
rifiniiiCQiitly ai*i-acted by ligbt* iba aarly i-irtar hop pa J* <? fc»ij aora 
rad ^arcb l a r t than the l ^ o inf tar bop^^ere vhich agraee with tbo 
ot>eorV': tiofw ssado on rtbiatocaroa hop:s>«re i^ iMsf/iln (1937)} UllXs 
(19^1/ and Afde (1957>« /atiioa^b tbo-prai^rit expariaemfcc vera 
peri'o r^.:'@d ^ t h oiUy i ^ gradient of i'l^ H* y^t the sona of miniaues 
acwlvity ior , ^ ^ hoi^ .>©rs i«@*. i^ t half* corre«i.io'idr' with tbe 
optiaa'^ h'OLildLty ior i t a davelopoant.i#hi€h| by the pre&eat esp@ri» 
•aente wac found to !» 7(^i to 9<^ * at 3cfc to 35**C, At 3«^' t l ^ 
ac t iv i ty ie rignii.ioaatly lni,raar@d along with a definite bygropori* 
tiva r@aetion« i^ na^ibor of ©utliorei , Jodonbeisier and otfoors (1929) 
xmv^a^ on f-cfalrtoooroa gregaalLat Parr:er (1930) on {-leiaaopimr • 
aaaticaniis (Jeurr ; and uoiarmla pelluic:ida (rcudd>f Ilusa^n (1937/ OR 
Ioiagt.a< tvi^ Af tocc roe and J o ^ d ^ r i s j .asa i^cdy (1'y69) and Agis (1957f 
1%1) on t liX'tQO&tCB, ioojid pori t lve tLer joisi-iarie- wbicb « ^ eu^pj^r* 
i^ -u by tbe i^rc-sent binding on pgya velox. 
St« t© ifflrai act ivi ty if decraafod at low teia.'eraturG (1$**C} 
mit wfcaa f u<-H a iow tea, art >,i4rt^  i t oeutied ui tb low bamldity or l ^ ^ 
ligfit irstexifity (2,1 l.,i,i.^«)» i t e r s v©e a revartal of rt-ectloa* 
(rjap j^axi (1^^'') osjcerved it>at urj© raovn-icat of locucta bopp^are vae 
1 ^ 
raetrlotod i>«lov 20^ C iMt i t imt not lahibltod coajpSiotoly* llo;ie«« 
on %tm^9 grouade i t sooms urOlkely tbat lov aetlvlty eausod by lotr 
temperature oouXd preveot phototdneel^i whlcb itae pofitiTo asaofif 
jacjra hoppers* iraenJiel (1929) and lasAfiedy (1939) found a decrease 
in poritlve pbototactle elTeet in f chirtocerca ab^ e^ 35^ c: i»A latter 
author iouod l i t t l e re^oa^a, lie also round an increase in aeti-vity 
on rttdden eooling* 
Temperutux-e and light lK>th directly al'Xeot hopping aiid sioir^ e^nt 
o£ other ie>o4y parte eimag qxyf ho^p^re, vhereae turning i t baeioally 
ioiiimenced hy the tntBidity and i« alveye sore in the dry half to aK>id 
loirB«H« Aais (19S»7) oDeenred the eaoie in f etiiftocerea gregsritu He 
eai^ obterved tt^ mt the aLtlvity of the h^pere dacreai^ ed beyond ^QJ^f^ 
iUlU vhfireas the tiiae tpent in both the halves var not w l l marlaed at 
50-60^ a«H« ma this vae attributed to stanration vhich led to the 
restlereneee. (irice the increase in activity i t attributed to the 
reetleetne^e due to ttniavoureJile oonditionef t^ eny according to hiai 
gehiftooerca. hoppers felt at eaee vhen the hutaidity vae above ^^' E,?:« 
which agrees '<4.th the present lindingf' with m^ hoppers rather thfsn 
the one© obtained i9y other worters on ^ gregaria. The obcervi?itiens 
aade by Bli i i (19$1) scree with thore of AJBIS (19$7) that the e e t m t y 
f^ eaeured in terms of the num^r of hops par unit time vai alvayc ler@ 
in the fourth iaftar hops^s of £j| gregaria than the firPt instar* 
It was observed eiBong OKya veloi tnat the eotivity of hopping decreaeed 
gradually as the developmt^ nt progressed. Under al l conditions i t iras 
lers in the late instar holders than the early initars. 
ik$ 
iif6»si3ml (1929f 'JO)} f^iTAadlkar (1933)t Biiseoifi (1937}| 
^im«dy (1939)1 o^llGOAeisy (1939)$ t^d Asls (19$7) b«^ « nudi«cl tim 
•fi<iet of ligbt on Vtm activity of tj^ ^gayja tsoppore eni obtsiooA 
po6ltlv« photot«ie vie aad photoid^netie roepo i^ro. Ttm proeent 
obeorvstlofis aro in agro^ ia&st tdtb tbose on £2 MSl^Sl^ '^^ 
bopp&re of (aijfa VOIOK lab* prefer the net balf of tbo chai^ ber eM 
tho activity vat mini^ mns at I5^ € nitb 0«7 UF*i« finco po^iti^tt 
pbotoldinatir aod tbar^aoidaotii' baa been obeervedf tbie reduoti<^ in 
activity oaonot eaiii-ea.y be attributed to the ideally p '^oferrod 
conditionf for tbe boppera, 
fba field observation* on tbe beb«riottr of tbe bof^ i-^ erf 
reveaied tb&t botb| tbe aireiserting activity and aecent ivo» tbe 
overnight roosting plaeei were initiated by tbe increaae In ligbt 
intensity at mH ae in testperattire9 and botb depend upon tbe folar 
in^mt* Ibie i t in oenfirmation to tbe laboratory findiogt regor^ ding 
the bopi:>«ra being pof itively ftbotoldnetio and thornjokinetie* lio^ e^veri 
i t vas intereating to n!>te t^ a^t tbe iziorni;^  aaeent vat folla%fed \^th 
a ciigbt deeoent around iaid»day, probably in order to seeic rbelter 
to avoid either tbe teoperature or tbe ligbt« i^icbever boeesie 
unbearable* l^ i^oe i t isay be iiaggestc^d tb^t beyond tbe tbreebold of 
tiie boi i-ere tbere IK *%'eVGreal of reMeti^^'i vhieb eould only be 
det@riai:ited by exposing tbe bops'ore to tbeee tvo factors independently. 
It vaa alto observed that at lotb bour tr^ ere vas anotr^ er ^ e l l 
of aotlvityi vben tbe iaten^ity of ligbt vae deiinitoly lerEeried* 
tlm9 the tbree ma^ or pb^loal factors naosely t«3p*9 ligbt and 
bu^aidity are inter«d©|:«^Ment «>nd intep^able under tbe ^miural c^ o^ ^^ ti* 
tionty Ui&y affect tr^ e orga i^ismr cociibiai:iily v£i& bence the optisia 
^ 0 
ill tb« natural euarrouadingt, Hicbel (1973) also foorid tbet th* 
l igb t &£n daric (ax^eted c*i)t I n i t i a t i on aad e«e;e@tion ol" titm CUglit 
^^ £ i g^ l^Q f^^ ^ i'o^^d i n ieoX&t€)d or oom|>aet gvoty^t* 
'Jitereort (19u3) fouasi t t e t locoiiotor ac t iv i ty of jjoouif^ 
€0!iditidfiod to liil^t &t daric Yfs'ied tpaa t i ta t ive ly but in ^ t t i 
period of act ivi ty vaa lolloiMid by tim meeting pbaeo* rc i^otl:ii!f% 
rimilar was ol>aorvad in Qatya vql^yi Fmb* vtmr% %tm morning ar^sant 
var loUoifod by a reat iag |;*lia8e bofora Uia fe^diiig s ta r ted ii) t l ^ 
f ieldt and then onc^ a again a ^oiaecent lihaee after i t vr e owr* 
£'!>& behaviour of tbe boi^parf in gaiieral vtss randoci and uaiiroctod« 
Xha aiDtual aggragctifig tandaac^ vae lG0ld.!;')gy but tlio ^ery young 
hf^pere teridad to oiJaMtGrf pro^iily m a re cult of tbe i ; i i t l a l 
coliai^ioa mma^ the hoi^part froa tbo f spa egi, ^laie* 
Ttm daily ciO'«a:i&nt of the tto^imrv a£ vei l at tlie a^ H^^ tf! b&B 
bean £:ty^iied in ciatail i n /jteadacris taptes>face l a t a by ^Hirnatt 
(1951) e-'id in i.oc. agta ^^li^rat^ia by cbfi^ i«an (1955). tim pmt^it 
iXndli-i^t^ ^ i tb Qxya velpat t}op^.^t ga.^^^ally agr^e witU tHa Ofiei^  laai^ 
ay £iirfiai.& a.'id ri}&i@an* lloifiiirar^ taer® v®ra a fair dii'fer^nea^ 
l i ^ ttm roof:ting r i t a among the above tuo yim m,wih t^g^h^r tbi&n 
Umt of qiya i^elog, wfoare i t i s a t tiia bacal par t of ^@ fir&t 
in tercor ta l region* qxya l^ppare e t s r t a aorniag atceat "Nltfe 
^10 rim ill tbe iotaa^ity of l i gh t as \fmlX aa tha %&iiii^&rmt-i»r&m 
yfbtl& in locggta r.nd 'Ic^aadaerie tia^ f i r r t S30v©si@nt ie tlia 4@@eant 
m 
Snxi the ove rn i^ t i^ &oi^ U,ne giOfltlon t#blch %rm glaoyl^  W5 ft« ^&^m 
%tm ground md %tmn Ui@^' cmm to T&n% on t^m gf-oaaS ' t i l l the t#£^iira» 
turd doee oot bei-oae us^m^&>Aet oihsruire tliey liire lettacl %& b^ 
e-OAiaag fiMilt^r l a ormr to avoM tii* e^ tm* tug|:,eeiisig tb@r®)i|r & 
reiroreaJL of the po^'itivo ptiotoisi'is^ie or tii©r£aoici;')Of:ir(Ct^p'afi{i«19^$)« 
j@tvi»en 11.00 « 13*00 hre CffJ^  bovpere et&rt©^ i^  ^iir be&i^nor^ 
lourooy end were iouitd tssMng e 1:^ 31 ter at a bdlgiit« X9u#r thmk tim 
roottlng pofitioa* f i txe I t fi&w alroad^ been obeerved %tm% tkm 
hl^gropofltive reaction tended to lietosie intense at Isli^ l i g h t 
lutoaf 4t^ or bigb teenerature« i t ma^ y tli^rol'ore, lie ^iggo^ed Ut&t 
the Ascent imi^  due to iakgh hm^S^ty a t eiKiti a Iieiglit under the 
tfator«»logged aooditiofit* f oob a eontention i t '^iK»>e pXmit-ibie ci^  tfio 
to::^^erature c&Aring tiae r^^iod t&ptmi&imr to dareb^ a t ariy < i^e t i ^ e , 
vat nevor higii@r %hm 3&^i • i^ »fev@r, ^o^^ti^ior tiie aduXtf if^d 
ooUeotod i'rff3 m> ad^ £8ceA& eugcurosi^ ie ri@Xd utJi^re U107 i s i ^ t ba^ m 
been l a r i i a l t ^ botveen 11*C^ • tit,00 boiare. 
im otim&tvmiQnB uade on tlie f^aa^aal l i l 'e birtor^r oi cayis. 
yelaat FalJb revealed tb&t there yere two g©n@ratioa^ in a ^ a r « 
'itere vae a subetaiiti©! e |^^ «4>rt from tlie labt^atory «sp©rJ^o{iit 
that %tm favoure^le i^ @riod for liatebiOi WJ£ ii)e laofifooi rei^goiit ^"^ 
t t e peak iriater or f uptiiser i t pare©d oter b^ ttie proXorii&tioa in t t ^ 
ajft^tsal duratioaf l&agi&yitsr of thi^ aaolte rix'^  tl*^ isiDubi-ttioa i^^eriod 
of the eggs* A6 i t hm alro&djr i^eea ot^aarved tlmt th® ^rolo^igmtl^li 
i e coated tt^iaer liotb tl:ie eirai^ftaacea m)i:mly lov taspwratwe a«^ id 
ec«sr€it^ of the preferred food plaatf . 
nz 
AC 6 g&'MTnX ^mtU:e aroumi tii© e:^porl.i@ntal l l e ld ttm 
pBMy Qfop i t alternated «^?itb J j alesaaclriftuia, a fodder^ "^icb 
r@^^ airt^ £ water in al^ autt ©.iOaX al3uadi^ .^'%o as paddjr« lieriee a^  any 
ona t ioe the anvi7or¥a&at daoe aot ofior rucb a stre^f ae« vary lov 
relative Inissidity* im^-lmBf a i^^ la 01 Cj'nodoa dactyloa arid other 
cmts^m veada are aoglactod aa J^ alaxaadriauEa bai^ p^aaf to ba a 
fodder crop* Hmc ot^a 'tQio» under euc-b von«3itionP fte\'fc!r ooca 
raeaa the abra&lireri«Ee of ttia isnnriroiwoat* 
CHAPTER - ? I 
E U H M A R Y 
in 
Tim ®a«uliar n o t grftft iiopyer., p y » Y9lm l eb* , l t a ^mddy 
pmt, ftn4 l e iouiKl In the biisai4 tvoplcal bat>itftt« of th« •a»t«7n 
lM(airpb@r9 irtiJ^dlng XniU** in India I t i s widely dietriliut^d &nd 
has i3@on rKpcdrted itom tmmt&l r ic« p - o v i ^ statee im lu^ng Utt&t 
i%>ade£h« A e«fircb for Qx^^ veXpat throu£b mv&TBl cTopB in a i^ 
aroufid cb«b«rat 'village (Di&'t, /aii@rl}« Utter i-Ta^sti) reve^ded 
tbat i t iriieettod only Qgy^a set iya and eould rare ly be collected 
lYom Zea mayft Trltictai aagtiVDa or tachariiai officinarya. In eoim 
area! i t r inieetation vae alro recorded on rorfhi«a vulgare» 
peoaitetua typhoidaaa aiid krlfollna alaataa^imya along -with 
lachiaocloa cglpmiaii Baatartlarja coaprecea^ fetar ja ver t ieeUata and 
cytiodoft dactylwi a a o ^ the vesde^ vhicb are oc^ r^iioaly Ibumd i2i the 
paddy field* 
In general both m^mM^ md i^atoeft as'e medium to r'^all rijsedf 
fe:xiu0e being i l igh t ly larger than the laalec aearyring 2.73 <mB a^d 
a«tff» eaa r® ei^ectively, Xhei^ e i e a broad l»'oim band eattetidi!^ fici® 
the i^ iar hall oi the eya to tha beta of the t e i ^ n a f vertex often 
vi th tvro divergiog browa li.iee !-^d £^ ome %Umt %.b» ^ d d l e of the 
vertex iiad f^fotiotuB- filledM.ii|i vith a bro^ia beiM« 'it^ er^ -sinia i r lo:ig@r 
than th# hi^id fes^ora ^hi€h i t expaodad ve:'itrally» 'BXs^ t ibiae^ 
beyoad the aiddle^ &aA the l i r f t t a r sa l io la t coaf^iderably (^psnded* 
lilnd t ib iae ara greea ^^ rith t t« r%»wf of bro%i» tipped tpi-iet on tlia 
f^i^giriE of ^ e esp^d^d ventral fk£:*iace« t\m ciewly @'.:«erged aclultt 
are green i a colour with tt:« oorsal pi^p&ated bsiRd vhlt i rh greea 
\fi^ch tiirna brona a l te r U*7 d&yc oi amergem/a* Iha bright pigaeata* 
tion di-aini^het %dth the adva.iice.:^eat of age aM ^art a dc-iy or t«o 
betas'© ^ a t b tl»jr i^ ec^ o^ i^O alsi&rt Wmm» %lm change in pi^tietitatl4»i 
co'ifta^t ooolOi^lcai co:\iittioar ol 3CPc S#'3p, ©rid 7C j - 5J a^U^ wliile 
i«4 oa Cyaodon dactyloa* lU© io:ig©vity of tfie :.iB^ QS If 3bai«r tbca 
tb© ioaalee l>©ing 39»^0 ^ 1«§7 dfi^ e a^ id 29»90^- l.o** <i^^ respse-
Hai.es &aa i@.iuji.d© botb do rH»t r t a r t ecf;iLlEtion lanmlia&^X^ 
al^ter the e.:ierg@:^ G« %be !»al© ©dtvarxso© towardB afi4 toa€b0e ti)© 
i#.;^i0 tfith iho ftntonn60« isad JUT th« Imtter dooe tmX, mi^^ mn^. t t e a 
tho mxlm laountr over &ho fesi&L© tAtb U r lorelsge at tb© i roa t ta 
r@gloft tfl^li.0 the o l a ^ graep th« loimr asrglni ol' tbe jfjron,tai 3.obor'» 
'^ iie fi)id(Uo j>&lr of legr ^joldi; tt3© feaaXo imciiir i t s ^^igr alK»v© tbe 
liind ijfcir of ieg«> Xho hind iogt do not taice a i^ direct part i a tfc© 
i^liol© ©fit. ^ i^f th© muj^ ab(tomda i r ciir\^ed dow s^wsrds t»d i t r t i p if 
broiMbt iMriov tbo aliteiian of t ^ i®oal^« abe aed^guf ie p2t>trud0d 
aad inr^rtiid bet%r©<c»a the 'veatrt.l oiriporitc^ val'vea* '^ be maio cere i 
eXaep tba subgenit&l pla .^© of the f^^nale a ^ tb© n^ro finaiiy 9Mm 
iiE bar©* Tba I'&rac4ei^  %iitb oeues in copulo 3ay continiua to feody 
cra^JL car ©%©A J i ; ^ on <lirtarbtirica* 
ib@ aDi, of Goyua.atio.n i r ^.O'^lot&d in tvo to lour hoorr t^d 
i e repaatad aevoral timet, Xb© ie^ai^je a. @ oopuulaiod befora or 
ai'tar @@cb oviporitjbon* fb© ira.juant oopiuationr are mit% .iec»irrary 
for tba raocet-£l\-@ oirlj^f'itia.is, '^ b© j^ -ir&t copulation may be r a f l i * 
eitrit to fartiiissa tlie e§i^ « in a l l fuccaedirtg oviporitionf, lioweirert 
tba fraquaat oopulatioae i-iave a favourabla ©ffact QA tba l@eu:idit^* 
m 
'I'tm le i&la &t a;i av&ra^a eopuuLa&as 5 to i» ti^iee daring tiie %iiioXd 
U i e ti^ae a:i<l tb« merm^ pro*c«^ua,ti&ion pojiod it^  fouiod to ^ 
fbe l^mals oi G» voloa i QI»* depot it«^i i t r egge in tb« 
^od^Tat©2^ da^ ro l l and !>elor@ ovipa^'ition -:isiu r^ a fol€«:iion of 
ti4» £^lte with t t^ l)elp of tho anteaiaot petlpi and the OTi^^i tor 
velvet* Iho forjor tvo dotoct trie i3olFtiir@ lovox aod tho l a t t e r | -
tha ooapactrtetc? of tba Boil bed* h burrov 1 to 2»$ cm aoap ie 
pre^arod by iofi^^rtiog i.be ovipositor valver. itia dspth of tl:»3 burro%r 
depeadc U|ioa tba astent^ion of the abdOiainaL inter.eogi^ontal rj^^Mrjio* 
'im ai^eraio pra^oviporitioa ( aturatloa)y oviporition a.'id post* 
oyipofition periods ©re %Q j 0»39 day, V»0 * ^•^^ **®^ *^** 
3 . ft J D»a1 days rerpoctivaly, 
fhe iiHiole coai^aet mace ol' egc-e o -^lored ia^ide a l3rothy rec^e-
tioa hardened and siixed ^ t b eand ie i^;nowa na a£®»pod« I t is ^&rk 
brova in colour and ie uruaHy cylaadricaL towards i t e pottorior 
vl';ile the a:ii.erior ead i s pointed* £he ogii>pod aeasurer 1*^ ^ to 3«^ @sa 
loag arid 0*ii- to 0*9 €« in dia.£»ter md i r uruaily 2 to 3 ch^xiberad* 
I'be av@r&£!e jmai^er of 9g$B in oacii pod if «ou£id to i>« S**00 (mni'ia 
7*0 to 1%^) aad tli« avorage fmeitjur of eee«podr per icaiale i f o.20 j ^ 
0«^1* Itia to ta l ni^aber of eggs la id by a t&mnl& in i t e ea t i ra l i i o 
tisie a^ragae 5o*^0 j 3*92 at 3 0 ^ 1®C with 70^* % E*ii* and 
fad on Cynodoo dactyXcm* Itie e££;s ur® ssortly placed in 2 rovtf 
glu@d together Mith tim ^rotby ree etioae of tiie pod* tfm »gt, i^ 
elongated a ^ cylindrieiol, roti.gbly bana-na thrpsd inearuring 0*392 mi 
Imig ©iid 0*1 IP em in diaoatar* Stse oge gra^ialiy irK-:.;.taeee i a 
1 ^ 
BXS» &B tha QAUryoaXe d«velo|>m6fit proceeMie Bad miteMxirQB Q^hib CB X 
0*132 ca on Um 17t^ (lay of incal>atio.% Xbo aT«rai;« InoubatinQ 
period i s lotted to b« 20««»0 j . G^U-a dfiys and ttiO avdrag* p@reeritag« 
of hateblne i t B9«1 j - 2*30 tmaer tlie constant ecologicrJi co-fiditiosfi 
All the larviM Q':mTg» tfon & i)od In (&bout 10 mJUiyiee« •acts 
6£ielorad in a tlilck ii^ mlsr&ne ^m.Qh l i ca i t oXi" l£iitaQdiat«ly itod i t 
cali«d as iatar£a@di&u« w»^ult, ^h#E« vi^ssiform lanrtMi are aetu&Ujr 
tb« i U c t Irirtar hoppers m& are gre^n oolourad^ -naasuring Q^'hP a& 
la Idagtb* Aiitaaoaa are 0 , | g oa lo.tg o^ id 12* Oc r«gaeated« llmi'm are 
00 t races of tbe wing padt aad genltala a^^^esdre. rtMii.Mentar^« 
l^ >e 'nawly eii^rged hop^^ars ara negatively gaotfopio and s t a r t 
faading after about h boucri of thu e£Mi!rge.iea» I'ba boi-part under@» 
Bix iwttXt£ to reaeti the adulthood, m additioxial laoult may rs^aly 
ba obtervad among tha faiaales only, ibe duration of tha f ir i^f 
eaco.id and thi rd inrtare I t t l i gb t l y lo.')gar in the fa;;ial&6 than the 
mal©a* 'Xbe difference ie quite t^ ros^ oint^ at in the lai^t it^mol i t ietsr 
where f©.ml© hOi-'i;>er ta&ue 11.00^* 0«20 dayi wt'iile the iaiile P.tO j ^ 
0*17 dayi to become Urn adult* I'he hopi'err stop I'eedii-ig about lb 
boixtB l^fore the ooulting au-id taks a ^ u t 1|$ jainuter to eo^ t^ off t l ^ 
old cu t ic le , Fro4.;er percl-iirig ®M ruiXiciaat space if required 
especially for f.he l ina l .'loultf otb&n#lre dei'orsaity occure-y pixt i* 
cule^ly in the uiiigs, i'he i'e<nala bopi^ ere^  ar'« s l ight ly larger in 
Bksm ttian the laalss with the to ta l n^phal dar^ ion being hi»QC j 
0«U§ dayt B.'id dP-tOO J 0*39 da^e recpectively. 
1§7 
'Xh« b^p^rs ar« gjro«ii in colour tdlth & broad wbito ba^ id ruiuv 
i:ig iroisi tbe bare oi tbo @jr«e to tbo laotaoetisa along tba a id ckurtal 
IXsm, fifo dot@d pigsaaatod l inos n^n aljaort petraLiel to aafib otiier 
along tbo ridee of tb« btind t i l l tbo l a s t abdosaiaul rsgm^ntr* m 
tim dflfvelopiaiiat proc«ede, boi.'?dre Imep iiicr&ariae in r iaa , whitA 
band oxtO'.^ ide arid bocooet 2»>re «.>roiiiii^ :iit vhila the pigt^atsd UrmB 
got di^^Miirhftd* 'itm vlsig^bude t t a r t i^potai'lrig frajt the th i rd i t i r ter 
but ttio orientation ot tim wlngr s t a r t s iroa tbo i i f t b inftar* 
A study ves n&cla of tbo iia^^urta ioa of food plants in the 
ecology of .^gatya Y^lo* (i^b»)« «r^ food preferenoa t e s t s reirasdad i^iat 
m^ iraloir (l-'ab*) i s a telecti'va loader and tba proi'erenoa of fbod 
cbani;Qt witb tba davalqpsiont* iha food plceits arra:ig@d in t l ^ 
doacandlng order of fitirourablanaef for dav^lopr^ent nerot iii^ad diet 
^ sati'va* j ^ colonya »«*£ , dactya<Ki)t Qrygf cetiirat C^^dan 
dastylottt ' ir i t icap sattiimat ^b jaoc loa colomiBi Hemarti^fia co^grefcrmt 
fo ts f ia ver t ice l la ta t gea aayes and Penoie^taa t y ^ b o i d w ^ i l e 
I r i fo l iaB Ele:saadriniitt vas not nibbled at al l* £be preference of tbo 
food i s based u|>on a iactorial»eoiaplex including the phyricsl faetors^ 
availaaiility of plants and l a s t l y tbe chemietO. eoispof i t ioa* fhe 
eorljr in r t a r boppere prefer ttm veeds while tbe preference fc^ tbe 
cereal crops increases as the development proceeds* 'ihus tbe retm'^t^ 
of creeds tvem the field could chetk the popuUiation to rosie ©:stent« 
iennigetum typhoideaa '%ing tbe leer t x^referred food ad\ers?ely 
affected tbe fctcundity whicb vac reduced lo 1^ eg^^ per i^miA ee 
agadnrt ^0*7 j 0,^, egss per femrJLe on tbe mixed diet that was- tbe 
isost preferred one* 
15^  
Iba oirev:t of msa& ©c-ologlcaX fat-tori on Ui& various ii&9olop» 
:iental ftctgee WLB siuiMmi by ex:poridg «g4:et t'x>p^ ;erft aaa ad'ulte to 
Itf , 15**» 25^, 3CP, 35**t *^ CP and t*5®C te*^. and UO ^ 5^,, 70 j . f^ , end 
9 0 ^ 5^ B.E« The «gg« w@r@ Blm incubat.4 %dtb C»o^, ^;.., 12)* and 25^ ;^ . 
ooataet laolPturo* 
Tho a«\®iopnQ:ital ra ta of tha ag4i8 ie enb&ficad with & r iea in 
t0'3perata.r«l>ttt i-'m-ceatage rarval decll.iee sudda^ily beyond ^*^C, 
..ha sioft soitad conditlori*- ior tha daftalopaent of agce vere 35**^ " tm--:^* 
yilib 12^ 1 contact laoirturo. £00 2xf\t (0*0/ ) or too liigli i3$ii'j a lev@l 
of contact ooirtura re tul tad in totrO. agg siortali t^. The f i r t t 10 
day» after wha o^fiporition \mr<st iaportc..it ^ben ru^fflctora osiouftt of 
coni&et moU tore %rae neceeeary for the dav<»lopment« 'Ilw davo^i^aent 
IB alro aflacted 1 '^ tha i'ijuctaatlne t©'Liiieratai^ ®f!« ftx>rt axpo^ura to 
5^ C actad as a rtiimAlur for tba davo2o|)£i0it %^3ile on iacretci^ig tiia 
e^POFura tiisa, the ea^ aa teiii^ra&ur@ becciia la ta l* 2he eg.. 6 in tho 
advaaoed e t ^ e s of devalopaent iware not affected co £^Y<:rsajl^ by an 
&:MyoB\u^9 to the loiter temperature ae there in Um Q^ly ftagor of 
ti'^ e daV'<. lopsa^nt, 
flia deveIo>isant of trie uppers va£ aa'fee ted in a firsiledr 
a^i;ier -^jerc the rata of dav#ioi.aoai 'i®c d i i^ r t iy rfci&tad i4» the 
teaporatare, itie e l ieet of Ui& bit-aidity %mF obviour la tyo imys, 
f i r s t l y the furvlval rente of to*%>eratare ^af greatly x'odfefcced at 
U'w J. 5r K.ii.' and eecondiy a greater nujaDor of fioi,.,.<3re tyrvived a t 
higiier H.ii. at ewy level of tea^itiratare. The hoppers could not 
Eiirviva at UJ^r irrefp©«ilve of th& H«ll« conditionr. llm i»Et eulted 
^ 9 
co.idiiioaf io r tii© bopi^rs war© Sj^'c \?itb 90 j ^ 5} H^i^ the oondl* 
tiotii' of temperature mid ii«l;« rbort o i optixasa^ aliacted sial* 
hoj^ l^ ere sK»s'@ aa^ r se ly thea tbe l"e;:iQle ho^i^cre. 
Xe^^-erature and bu.'..iidity both t ' lgniilcontly oSf&Gt ttm dervolo^ 
ment oi" tim adulte» naturution ol U^ go:iadf WCB In direct rul&tion 
wltti tbe r i s e in temperature.lO^C imB uniavouraaJki lor the noruml 
reprodociive actlirity md aleo at U5^€| the fearaet? could ov2|»of4t^ 
o.ily vben r@lati\^e buaidity vae 90 j ?;-• iteiativo ha!.3idity (lid :iot 
el'feet tbe r^iattiiraticm ^^oriod or tbe oviporition ^^riod es^-'^jt a t 
ttie blgmr extroi^ of tb© rur^Hrei terai^rature* She focondity \f&te 
blgh&Bt &t 35**C \i4tli litgb bujaiciity. ijov H. ii, (UO j 5^ )^ reduced . he 
©££, production while at 70 j 5i or 90 j - 'X> i t rojaified alraort tb© 
taae. Xb© .riasiEmia nuatxsr oi 0gt,e oa*.cin©d we.i 4>Ji,«'0^ U^P a t SS^C^  
ae agcdart f*0,7 j ^ O.?*^ ' eigfi/te.rje;!© ©t 2(P(' v4-«:s fed oti t*a8 axsed diet« 
'Within Ui© raage of 15**C to 35°C ts« rie© in t«»rai..eratar0 int-rotted 
the egg production Ixit a Xurtbcjr i-ice to s^C^ c or Ji5®C induced i t 
iaiar^edly, '^im eitmX of t@mi>'eraty»re on tlie longeirity m'B a bi t 
different. /:.t 10**(; tiie adui: f rurrived for ® rliort ^eriodf "i^iaud 
b9lm 1§»00 J' W**2 da^ -s^  t£id 1i»90 j 0.S** days at 90 j . 5^ - it,?., i^r 
lejaier t>nd molm rQri,©cii'v©iy» i i i e ii.<iai WEB lo.igtst at 15**C for both 
the eexee %rldob rudiiC'Cd with tbe r i r e in tei^^^rature butf b@t'#een 30^C 
to 35**C i t mxe not effected by tiio obfe^e in tiK3i.erstia*e. I t \mM only 
hQ J % I'i. ii» i i^cb redded the l i i 'e epen sd. each t^a^.-eratu^'e, o t l ' ^ r y i ^ 
h,i:i» lc'\;elE 70 J- 5, or 90 j 5i ^^d not ba\e i^y ©ffeet* 'ilx; laa^i^ata 
ij<:ir*®:itafe ffurvi'^-al va«^  obtc-aiii^d at 3c^C vo 3$*C wltb 70 j . 5/- or 
loO 
90 j ^ ^h B* i^«t ^ l o v or abo\o thle Xnvol I t vas reduced* Hoveverf 
i t v&s i.ntero8ting to not« that tiae adver«« ooMltiaor reduicdd tbt 
dgg couat ar^ rkot Uio oYipo^ i t i ooa l inftancdt* 
Tim t&mtioQi oS 9il tho n^ ms^ tiaX in r ta rc to a gradient of 
hiMidity toffiparatura and l igh t vara ei;adlad in an aitarnativa 
tiuoidity Ghamber, itm be, pare of patya valo« (lab«) profarrad tha 
vat baXf of tba chas^oar aod the intan^i ty of poritiva raaotioa \m 
iurther increaaad a i t fear a t bigb l i ^ h t i i te^Ei ty , bigb toi^ara&^a 
or botb. Tba ba|i|;>ing actiirity vefi aora ea^og tba aarly ii^rtar 
iiQ^pmrB tbab tba l a t a i,itiara« Iha g^tmr®! ao t i i r i t r e^ng v i tb 
boppiog waa iaiiyamred by bigb l igh t inta^irity aad high teaparature 
both, J i i l a klinoicinaeis tmi ^^i mr i ly inll^afioad by tba bi^aidity* 
f i m a mi idcrt^ai^ed act ivi ty i^a at t r ibuted to tba ttr&fa^oiiri»bla 
eonditiobt of Xightt t»»iidity or taaparatoi^ai i t vaa obaar«ad to ba 
mXaXmm i a tba vat half of tba cbaabar aa tba bt^para did oot feal 
agitated* Iha tiiaa rpaat aotiva aa a g ^ ^rt tba to ta l t iaa f^mnt i » 
aiK^ half va£ alvayr mirm in tba dry half of tba cbstabar but a 
del io i ta dacraaea in ac t iv i ty vaf obearvad a t 15^ C or 0*7 U I * i . 
(lov l igh t in tens i ty) . 
11^ behaviour of Urn hopper a in tba i^eld \raM rnrxdom md 
iindii'^acted* f'^ a avs^aning ac t iv i ty vat IbUo -^rad^ by an ai^eont before 
the feeding ttartad* O.'^ a again around tba mid-day thare vaa a 
daao^nt and tba hoppers m vail ae adolts M&r& iound raaidLi^ rha l te r 
uad@r itm laavae* Wmti the i&^^'«rature s tar ted fal l ing around %tb 
hour, mioUmr e , a l l of acti 'vity vac obi^rved etnd tba inracte vara 
iound feeding* during tba enitlra curvey none of tiia bopi^arr vai'e 
%% 
Somid xm^tlm oa tb« ctpored 6uri&c« of the Oaaf^  Tim ge i^oria 
activity aao^ tlio tooppore %rm aaxiaiia in the •&cly i^^niag 
hourt and at dutk, 
llatohiat ia tbo l i a<l ocoiirrod in ti^ mid of J i^ly ttirooeb 
tiia later balf of i^ ugast reaching it# paalc t i l l th« 30tl) Atigu«t» 
Dudrifli tba rainy eeaeoa tba lamalae ovA msBbarad saalet ^ 3i2« 
XturonistK^ ut tba yaajr etiargance occurred tbrlea baing mesiQua out of 
the aggc laid Hy tba first gaa@ratioA iemalas during oetoiaer 
tifsrougb mv9:^\mrm Xba highest peali for the £mmX9B vas on 3dtli 
Auguit while that of aalee on 30th Decemter. t^ e^re ia m diapauae 
anong o»ya velo» Fab, inttead tiae adverse conditiont are parsed 
off by a deoxeare in the rate of the develop^ntal proeeteet* 
The present nudy further revealed that g^x^ a velcai Fall, i e 
qaite vulnerable m far aa the Btreeaaa of the eovirosMent are 
concerned ana probahly doe to tbia chi^aoteriftio i t reraained as 
a sporadic pest in All&arh iUi^riet| attar iTtideab. 
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to tba der^elepeaent of tuo epocioe of Airiean ijocuftt^ jjocofta 
aiigrataria atgretoroideg (ii« and f• ) aod fciu^toeeyoa 'JfelUF'ia 
(1pii,riii^4S, fe m . gpc i4>ad.> jKiirMiT^^^-*^^—* 
00* H^aiJAI, F.C, arid timh^ H^i. 1970. 
l l l e c t of Boll isoirtare on t^o fiimB9 cbaractore of betotilni^ in 
tbo Dee&rt Looutt. rohletooaroa lyegaria (i or »!£•), lad, J« sn|« 
m i J , 29^302. s -x -e i -a—ff ^ ' "* 
o9» EA^i^Zf B. and liltAiJiat I4.a. 195^. 
ftudlee on tbo eger <^ i^d njnaphal etaget of Mrjdida paa-liicida 
laug. m Bppl (orttso|>t«rat^t- Idid^e). HUJJU "S.odr'gat^" ^^?h• j*2t 1?*3»19^ 
70. i JAf^u, *•!• 195*». 
r tridttxaUon ciOd a£soc;iat@d Oebavior in certain ortboptera. jOU 
rtrldttXcxtlon of tmMuJu&e and lU^ir bebei/ior idtb aalot* 
Ania> Bafaai>«> jgs 27* '^2» 
i6i 
71 , HiiilLk.!, j , C , 19b 1. 
Its* B^miX oi ^criaid ogge, Q«W# :iicroce> rc i« . I ^ g ^%255« 
Abuf^ance of grart»opi«re in x^eiatloa to rango laad reno^atloii 
preciicas (orthoptorai ^ n d i d o a ) . w i iaa^ Hfnai^t* 27(2>i 
l ib* la 0, 
73« iaiilifeSJ, J.K, 1959» 
'lt}« t p e c i i i c i i j of Msridlaa egg pode end eggCi yiith biologioc^l. 
7U« iiQOGE, < • 1933* 
Groute and nutri t ion of Malanoglaf dJi 'feref^ialie, Uhosi&G, (grthopteraiAcridaa) I . CrovtB bfl' a' P&Uf I'dfitaFfjaixed diet 
and oa diete of single food plonts , ti^iytioX, 2ool>. j | t 3Cb-»3^» 
75. iiOCAJi, 1.1^ 1%5. 
'Ibe ^ n t ^ r laortalitjr of egge of Cblortoiceteg tergiiaUera Mlk* (orthopt^erai /serididae) daring CfSTfEnaPeST^rTTOT***"^ 
7b« HUJiiJeUJyNi^ Fi f* ISbO. 
i-ertil izatlon of egge of tbe Dot^rt Locart W ^.'^^raatoeoa frtm 
riioce£&ive oopolatlonf* iieture. ^^odoiu Ifi^t 33o p* 
77« HU X^UwwO.iJul:« ir"* 19l>*u 
i.gg ^ivalop'iiont in the .Desert locurt* fchirtocerca gregeria 
iorffe, in r i a t ioa to the ovai^aHilii^ W'diUr:"'" '^ '^  
iProa> I . ent, fpo. Kind. ( A ) i 2 i 25«33. 
7a« m i^4,.&mfi\jAM£\ «'• and X<^ -l;J>ii79 w*C« 19U1* 
. gi develOi^iient of jiaa&e temtjcornic fci^ aum* (ortboptorat 
Aerididee) i a r e l a ^ l T l o ' t b e Icliil'&bility of waiter. 
Proc, a. ent, foe, iof>d. (A) J^» 75*1*0. 
79. EUM£.^JOUiJ:| £»• a:id t^wD| V,:W 1959. 
Ihe liie»liirCory ol Cettrjaargug eJtricaauc faurmie (orttioptorat 
Acrididae) i a l^>e laM9ktUn* k-MV:M'ii* TlSg.. J j i %»9-172. 
^0 . E(irAItl« H.A. and iiaaiimi.» M«U 1933. 
Mfia iorste, I , laicropyie ia 
"WSSL womo otlaer ^crididoe. 
rtuOios on fctairtocerca gregari  u 
r c r i iP tooercT '^ki i^Ca^oi ig ' eA  f< 
l%iiki 'J , aMeTTIgn . J i 639-o*v5. 
n i . fimTiiiiig iU 1937. 
ibe effect of tesst^eratyre on loeart aotivitir, 
aa l l , Diiniet, Aerie^i ^i i i^t . . :io. I^i?, 55 p^^. 
rtudieft on fchiftocerca gregaria .or tk , X. liole of water in tlie 
bioaomicf oT*1B5^  !Ddfeoyt Io-'Mt;""|;-tilAaa J, agr ic . fci« 
JIP (19**C)t 927-»»»*, """" ^ ^ 
%9 
t%\3M&B on t€biftoc®rcfe gxoEarjft iro^t^ tlllm 'exual l i fe* 
I^fo*oi#iox^ of fpfetbostowiij^ gragliiiieniEi ^«ili^ «r (artt3(^t@r&t 
fi$, iqMLt lu md AZIZ9 r « ^ 1975. 
Mri4oi4«o), itmrn 5 . i l t ,T17T<7i ' ^^^^*— 
n»0 I^Mi- .». ami A2i% r»A, 1977, 
Effoei of aiff@r@ai food plaais 0*1 tli« 4oir@lopi@at mA 
roproduotivo poteati^Olty of g.p&tbogt«raoaa WBt^mrvm yaXter* (Ortfeoptorat Aoyiaoldoft^ ifidiM 4, gda^ ; igi;"f;""?SI71t 1»5* 
'ibo ^'elftUoat of Soxae Ao7idi<lao to p l ^ i e aad soilLr. 
Co^relatiofi Dotwoen aafiddLl3«a.sr -oiarptoolofy and food tpoeif lc i ty 
in grasitioppore. AziOp out £oc« AmVmm J2» ^••^•o^* 
«»9, IVAS^A, r.A, 1925, 
gpoX, Ang«, ijtgt 75-%• 
90. jVAii0VA, r.A, I9a>. 
rtruottsre of ttae r^pzodiiotivo orciu^ of ttie aalo of Loei^ta 
Mtgrfttoria L, ( l a Eufesiefij i3oia> /lisad* il&nfe^  g>r,r»ii^, 
^ 1 P^-7« 
91* JiBCoaC, ys, 19$3. 
^ 31oryE>'oboI (aoili* ), l-lo» J i 22?^  p* 
92. aJtCOBtdit ii, 19l»5« 
Xosoct sojuattrac'teiits* i n t s r so i c^o puMi,£ti@re| Jew ^ r k , 
fcao o£>6@f*v&tioiir oa tlso XU'o^j^neio of iayprg®oca^alf o l ^ m t -
sioriAloaaUft yvajrof, t f a t , ^tits ft ^ y !oF 1 ^ ' i l i i f ® ! l S r i f 
ISIifBi ^l iiiy i f i t isr . Ffoo, f.» oat . Soc> toad. A, J J t t1>10>. 
95. JA8'?I0M1, C, 1939. 
mXl* ij&bm aatt afcg. fogtl,fit.i J t^ 1-^o. 
fl» ecology of gx^arehopporg- in ami Contr-l rufian. 
Antt>liOCtt®t, a a i . t 11f f^ , 97. 
li^O 
A »ev siQiko o£ copylatloa in &i)o£"t<»tK>r:itefa ^aerlx^pore (QjpttoptQrai MPididae), ?!« aagev, i .at , , JUj 2'»li-290, 
'ibo Xiio-»bletory and ocoXog '^ of tt^e nortnom epottwl graee« 
bc^i^er, Aolorcrae pufictatttg ^irurir (ortlsoptoras Aorididaa). 
i^fa ani%, J":"iy^«nTHnr»»i 397-»^13. 
99, iO\£lj:^ s^iu 19^ a. 
Xbo lif«»hietory end ocoj^gjr oi eborubortiod grasrboppar, 
Farablaroglypbue uiXloeatitf a^l. (ortrjopt&raiMriditlae)* 
100, &A2ltA\ K«{l. 19$t>b« 
Hodea or co|.ajLat.ion in rhorWhornad grareboppera (orttiopteras 
mrldX&m)* 4* Jot3i>ay aat . Hist, £oc<* ^ i «»»MK>$* 
101, KMlimf K.N. 1SI>1, jkbo l i ia*bietoiT find ecology of ebort.bor.jed gracsbopper, 
Syprepocnofliic rocaue avaJK»T (ortbopt^rat/^rididae)* 
i r e g i p y , i.Al«.'l^|g^ 39g-*»09> 
102, KMiEJllfiA| E,L* 19l>0« 
itsa pro^ioa of faading af Cborfebigpttg aXbeaaygiaatttg in trie 
condltioAr of l^akutia (In i l a f e a w : IktfWA. M . ^Iftltgk. Opgud. jm iy . , J i 93-107 (329-BO). ^ 
103« KilSiilaljZ^AH. K^ IU 1939* 
J^tar.ial rtraoturae of tbe Deeert Loeuet (Ccbirtocerea grogorim) 
lorck. J, uoiv, doibegr J , 7i3)t % pp. 
ICf^ , luiM^DX« «i.U 1939. 
ibe bebavior of tba Des&rt io of t . fchirtoceroa gregaria lorrk« (t^tbopterai Acrididaa) in an ottt&r'&ili diAlfft'; Ifh^m "C ont, 
ioc> load^. P2« 3«5-5>*^. '""'""•*"""* * 
1C5. i<B2^  iCH.i.. 193o. 
obconrationp on tba ra^e oi growtb ooXoration and tba abnomal 
fix iartrJ ' l i f e » e ^ l e in loeueta ^aigraioria migratoroidee (B ^ I ) 
MJ.1 ea t , i.ef., j g t 7 7 - ^ . 
1Q>. ^X« r;.B.U 193^. 
ibe .egional and i^oaio lal iocidarice of grar^bopper plagues in 
/ turtruiia. Boll. Coun, Cci» Xndggty^ Ket, Aast,. I l^ i *^ i^p. 
1€7. iCiiALBAt A* 19$7. 
xbe developiaent ol egci>e of ^oae Eg;»^tian f .jociee of grtf.trboppere 
witb rpeciojL reierence to tbe ineidanoe of diapance i n the egfi 
of Kyprepoc:iestis ^3.oraae ctiarp. (ortijopterat Acrididae)* 
3ulX. roc; ^nf> j^gyglSn ^1i 299W33(^  
10^, KUAI, Q»il. 19^ ^ 9. 
/» coi tr ibut ion to a furtrer icnonaeage of tbe atruotare md biology 
of U^ v&evile, fitopbilaf orygae (Linn.) and f. granarjua (i inn«) 
wltb f e c i a l refSFinloi to €&eilTect£ oi tasa i^TawI '^aTkta id i ty 
on tbe rata of tbeir deireAOiiaiuat. Indian J . I.g|.t 111 1^3-201. 
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109* mk% fi«H« aid i^slSf t«A« 1973* 
2ftllu@nc« ol* differe.^ Im^mlt of t o ^ e r s t u r e and »oltt>iir« oa 
ihtt ^velc^^ent andi batetiiae ot •ggs of oodajeuc a^^^tue 
Sbua^rg (ortbopteraiMrKiidae), Imiiaa TT^MTZ % 1 , 3511 
ao.jt 2$.3i. 
no . mmiAmnimv^ w^. i9$o, 
iundteental ieatux'ac of food et:^eiali2aUon in the ^ela t ie 
ioeutt ( l a JEiueglaii;» Ifv^ ^^ Afead, "*aifet WT i^ (,'ai.ol»), m^ ht 73-^4 
111. aiSKEt, D«E.^UUIf| J«*.A. 1P90a. 
c«a« Acad« Fcl, parjg. llOt «»$7H»$9» 
^f^-f,„r?<^ £^^„f«^4f* J10, II07-P09. 
113. KXL. C. 193^. 
A ttudjr of copulation afid lormatjLofi of FpereatoptioreG l a 
Melaaoplut difj toraatial l t . {TOO. lova> Acad. t c i , . j^Ji 299-3Of>« 
111*. mMATBHiQ, £• 1935. 
Qa Boa» aarparjUaeata and obeorvatloot coiieeralne j s y a ( in 
J««>aaef:©), |o^aijm m^j^^f^* S,* 195-220. 
115. i^if CKi-iitic and LI, riioii-nia 1933. 
faiae pralialnary notat oa tba Uia -h i t to ry of graiitbopipdrsf 
t^ya cblaaaslg Ibuaborg ( i a japaaeeo with L^igitrh BwmorfU 
"IfafirSlg^ ^ . ^ . liaa£oboyt J (1932) pp. 59-70. 
11o. iA^^JbiiS, M.K.iC. 197''-. 
abfoTVoilont on tba f9yA%ag a c t l v i t j of iU^t^ralian ^lagoa 
East AutfimDg^:ig&ciBi5ir:feu>gy. i>3(i)^ 2 (^23 . 
117. liC-C l^HX, ii.H. 195«». 
A taa yoar study of the dl&natology of iialteiopJUAC oaxicaflua 
w 
a»rs . Corthootarat Aorldldaa) l a tmBkSSB 
m-Mi^ >>^  agyia. P<?I.. j ^ i ni.5-Ao2. 
11i« l4AJiUL.D. Q. aftd AZX2» t .A. 1975* 
fha lifa^toiftogy of CJaatnaargue Lraaevarguc fbuinli. (orthcmtarai 
Mri^mdaa) u-idar ooAllaAt ^6%mkl iUU»K ladlaa J . i .nl . , 
?7(3^i 25«-a>3. ~ * 
119. MAJIJ^ ED, W. aad AT.XZ, T.A. 1977. 
gfioot of cfovdla^ <») Uia laciirullty and idalilUty of •g$B of 
Gagtflmargue ira-igvartag. liii;^^. (onbopteras Acridldaa). 
120. tiiummf J.M. 1970. 
BLoXogleal r tudiat ol Chrotaacrli oolorata vOrtbopt^raiAcrididaat 
aojaalclnaa). J . Kaaeai Z t^43dX:"" Co^TTyt S^a-Sbl. 
12^# 
%?2 
121. i4AXll^ i*UyMiU:40, M.C. 1931 ,^ 
Itm toXly&x'f pbare of fobHoceyea gygagjit lorili* in 'iorth 
35(1)1 o3-«fi« 
122, ifJCiE!.. B« 1973* 
thm nxioct of Ugtit euid dt^rk oa l o i t i a t l o a and coiiatSon of 
f l igkt l a retjirtocorqa grogi;xl> lortlc. rearatf l a leol&tloA or 
ta eos^aev #'d4># i5fihSpi^asAcrididtt«)» Jehaiflor. t5(1»2)t 
1»11» 
ia3« HiKBEL*rgUy J . i9a2«' 
OlMic r^vr.tloii* fur l e s acriillone ml^r&toare (In Burrlaa)« 
Mll^ toQm eat* Moecoy, J t 7-o7* 
la t r i i lonal ecology oi tbo cXei^ wliiged graf shopper CssamaXa 
g^lltt^lga (feuddisr}, (OrtbopteraiAerididae). Hea> | : M a r i a E | 
12$» HOOil^ytE. J.^^t iMIii't^ xlvyt^ y |^ aod \AIJ a&i'£VEiI| /uC«(4« 1 9 ^ , 
iactore arlectlog tlie r a t e of Ingestloa of llqtudda hy the 
locuet. C raor tplc.etee terialairora (orttsoptGrasAcrididad)* 
ia^, HiA/^If, lUJ. aa<S hZlZ^ f .A . 1977. 
aioXogy of t r l lophldla aaataatQ. IbUDb. (yrtbopterat AeridlOae) 
Uiidor oo^ taa i eioj .o^dll 'l&oAMtloar, i:idiaB ^m Bntm* 'wol. 39f 
lo.Ji P7-90. 
127» limumx^ I. 19^ 9* 
iaboratory lireedlag a:)d ofibryoalo de'velopiii«»at of Cbortfal^sma 
larmanettc (o r t ^p t e r a i /^rldldae}« Froo^^„Boy, .Kat» ioc> pngT* 
Mn iJl»P» 
iAKHM. r)«3, 19?7« 
lb© Hio-ii if tory, bablte cAd ooritrol of tbe iJerela gra^rhos^per, 
i,^" i , i i ^ i ?^^ a ^ H ! ^^^®n?. Ifl £63?Pt, duU. roc. e:it, fegypte. 
129. aAGAStt^ 'iI, A., Qifiil, H. a'ld lii«AjmtA. 19to7. 
iiifeot of ooatiauour Ugbt oa tlie pre.^-vlpo^ltloa ««rlod of 
Trr^apa.*iete nitb a-^-llfb title ^id foLiaaryj. 
130. UKA.Mm^ % 1Sb3. 
/la eSiJerl^ 2@:itaX rtudy of U3o ei'feet of e^ :^ »a£;lrig l igh t latd.'irity 
oa the aotivltir of adult locar t . feat, ^lontb. ..raag.. ^Pol. 99i 
^ . 139. 
131. JOlUvif, J i . j . 1950. 
iioproductloa l a tbo Airioon a i - ra tc ry x^oeurt ( iocarta a lgra tor la 
^iTatoroldee iu arid im) l a ra ia t loa io deaf I ty a.^ pbaf^e. 
Antl^JLocurt Ij^ll.. j{t ^^ pp. 
173 
132, mmWf H.J. %^K 
tmuBl aairUraUon ta tha Dacart Locurt (Cchistocerea grogorla 
lorak*) vith spoclaX reiaranca to tba alfaata of groiipl^g* 
133. ?Kfmif, i . j . i%2. 
Croup afXaott on the ac t iv i ty wA i)ei«viour of aOult ^tiOae 
of taa Deiart l4>eust« (rchlrtoeorea grag&ria lorelt*), 
Bntaaoloeica aacp, appl. , jjt 279-3C3« 
13^, ^»Hazr. M,v. ISb?. 
l4it>oraiory ex.«ri3iiaati oa ovi^odtioci reB^^at^B of tba 
£)aiart LocuPt|(fchlrtooerea grae&^'la Torek}• Aati»U»cu8t. ili3Jf.. 
^ 1 ^7 PP. 
135. o n ^ , i>. 1975. 
Plant prelaranee and p l m t e^ucoasrlon. A eoaeidaratlofi of 
avolution of plant praferanoa l a fohirtocarea* 
EeoXoela.. 1f»(1)» 129«f»t^, 
13d. OfCauiH, H. 1973. 
ftadlGe ofi the olotopa ae^eodc^loa of arttx>ptera. 
137. PAiU^ A% J.ii . 1929. 
rooa ar laets of taaperature end iaolrtura upon tba nct lvl t loe 
o£ &t6Mdbop,%Tt and tboir raXatioa to graeeiaoi^par abundanea 
and aontfol. Irena. Utlv Int . Goner. Ent* (Xtliaoa. 192^). 
i r l a g . Knclsfld. J i 323-332. 
13^. fA£iM% J.li. 1930. 
o^ma af facte of taaparaturo and inolctura upoa MaXanoplttB 
aaalcaous raurr atid Camnujia palluclda foudd (uHiopiar^ i . 
mil. t?^v. Hont. a ^ U ; a p f ,^ta.«"a2jt 132 pp. 
139. PAEliyii, D.i.. 1971. 
Effect of constant tas^arature on tba davelopcieat of agge 
and ix^pers of the Aiugraggbogper PoiidLlooayug plctua lab. 
c^ridoldaat i^yrgoaorpliidao^. froc. ?.iooi.. ;-oc tald'&Eta. 
2l»t ot*7it». 
It^O. FAMDIAN, I,J. 1973. 
¥ood latalse and axi@rjBjr axpanoiiuja pai^aroe jui 
irlsua'r oonsutiarr, Curr. r c l . . >t2(ia)i UaSJkfi^. 
1U1. FEHiJaCK, A.C. 195P. 
fha isolating value of ^paeiiio song pattome In tyo flbling 
paclee of eJfa^^boppare (Chortt^pgg art rpa l grarrbop unneuc Ihteib. and 
1**2. FElKf, J . 1%». 
ftw acologlcal a l r t r ibu t loa and l l i a « c ^ i e e of ^oiaa t ropical 
African orarsijoppert (Aorldoidea). a i l l . Erit. Coc. filfearla. 
1i 71*97. 
ffk 
tH3» mjJ^tf w. 1970, 
!iot a OQ ttoa biology of gvartboppors (ort^optarai Jerldoiaea) 
l a Fues'ra Laona. ^t P^M MS* t Jid« 317.?*9. 
«B9od plafttt as iao&ore l a tha i.coloi3r oi tlaa l^sear nUr&A&tf 
graf atepp^f Malaooplat laexicaaua (Taiiaa)* aillatln^ a90» 
" f aad popuiatioa growtts or iiaiauoplai 
to 
fiirvlvaXf iBeaa41%f  jp Xati h f Malea lttf
Mlitmratttg (wlli;,) (artboptoraiMrldJldao) i i T f i l H l s r 
muwmumjig. cm. But., jgi t.10. 
D«¥aIopsia2it» rurvival and raproduotlon of CiiijiiiXa paXXaalda (tottddor) (OrtboptoratAerldldaa) In r«latl4'A"lb I2liatl& ' ' 
oonditioni. Caiw Isiiit., j ^ i 15fW1o9« 
Xba iniloaaca of data of eir^oeitloa and eH^atlc io^iditione 
in batehlQg of Caguiala paHiteida ffcuddar) (ortbopti^at 
Acrididaa); CaiClKtrjgi W^1lS9* 
lif?. FICKtOiilJ, l.« 1970. 
Iha efia«(t6 of cXiaaiie lac tort on agg e\xrvliral a.^ foeuodity 
l a grateixmpare, froe* Xat* rtudjTf Costf* Ctirroat aod ftara 
prot%lamt of /i^ldolofi3r« Xoodon 197O (Canada) Sagtt. agrlo, Ear» 
ria« faJJcatobtwaa Coairiiwtlofta l»0 t^ 257-<feO." " " "^"'"'^"'-"' 
tH9* fS^&aiD, ii, and GXli^f^ €• 197a« 
Courtrtolp behavior of i.im Migratory gragfboppar aala.iop3^tf' 
eanmlnlpof (ortbopt^at Aoridldaa}, Can En«» jO?i715t7S2« 
150. POI»OV, G, 195*»» 
i%tat on tba bftbavior of ^vama of Da^rt iocurt (fcfolf^oc@i'co 
gragarla lonkal during ovlpoilUon in Iran. 1 £ H £ I S L I & S " ^ 
151. PO^¥t G» 195^ » 
Eeologleal tiudiaa on oviporitlon by fvaraa of tba i^eart 
l^ '^uat (fcfaly^carca gragaria tor an, ) in Kaetarn Afriee* 
l$2. a-iiuiiAM, f« and i'l^fni^ni, H.K, isb1« 
rtudlas on tha acologjr atid co.^roX of iliaxogIj?phue mlp«£>eplettta 
Sol, (Fbadlca)* Indian w, ani>,. 2|^2^|i 79»105» 
153, ffeUiHIt M«f. and rijeM, U^. 1939# 
liaa Mo£)0@i&c» Hi a»l)istory and oontrol of graf ^lop^^t 
BtMiciiocarua pietua (F&b«) a now port of <ALLtivat.ad istopt in 
ifertbarn JUidla. X->dlaa «?« Mrlc, rol»« ^1 «»19uoi>i« 
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i^t«ntial and actual popolatlocis of graiehoppar fijiPS|>br la 
tuaad arid uaUilad caraal grain llalde* Caaw »^* gl# Tcj, ] i i 3o$-375. — 
1?J. HAO, X.ii, 1921. , , . 
0»ya vaXo« Hapt Froc« Utb i^ aW I4eeting» FUBa* 19^19 pp*^W'2* 
1$o, MUDr^Dt, 0»I4 and yAJu(&F, :i. 195'*. 
ftudiae on tba lalology and laopulatlon dyriaalce of lariiieh 
157. R3CK, iii.i?. 197*^ # 
Biological fiotat on tha Aerldld grarsboppar (ftaaaeyle 
^tfatoannlg Harcball« ) la^eotaiorthoptara, j ^ ijiilby' "TUjctd^ rcly 
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